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An examination of the red algal genus Pugetia (Kallymeniaceae, Gigartinales),
with descriptions of Salishia firma gen. & comb. nov., Pugetia cryptica sp. nov.

and Beringia wynnei Sp. nov.

BRIDGETTE E. CLARKSTON* AND GARY W. SAUNDERS

Centre for Environmental and Molecular Algal Research, Department of Biology, University of New Brunswick,

Fredericton NB E3B 543, Canada

CLARKSTON B.E. AND SAUNDERS G.W. 2012. An examination of the red algal genus Pugetia (Kallymeniaceae,
Gigartinales), with descriptions of Salishia firma gen. & comb. nov., Pugetia cryptica sp. nov. and Beringia wynnei sp.
nov. Phycologia 51: 33-61. DOI: 10.2216/11-01.1

The red algal family Kallymeniaceae was surveyed along the west coast of Canada using the DNA barcode (COI-5P -5’
region of the mitochondrial cytochrome ¢ oxidase I gene) as a species identification tool. A total of 253 specimens field
identified as Pugetia spp. subsequently resolved as five genetic species groups, although only two are reported in
the flora. Additionally, COI-5P data were available for the Chilean P. chilensis, which resolved as a distinct species.
Subsequent analysis of the internal transcribed spacer of the ribosomal cistron and the universal plastid amplicon
(domain V of the 23S rRNA gene) resolved the same groups as COI-5P. Phylogenetic relationships of the Canadian
groups were investigated using large-subunit ribosomal DNA (LSU) and a combined analysis of LSU and COI-5P data.
One species was divergent from the Pugetia spp. in all analyses and grouped closely with the kallymeniacean genera
Erythrophyllum (Kallymeniaceae, Gigartinales) and Kallymeniopsis (Kallymeniaceae, Gigartinales) — it is here described
as Beringia wynnei sp. nov. The other ‘Pugetia’ species fell into two divergent clusters in phylogenetic analyses, differing
also in blade thickness, carpogonial branch morphology and the association of the auxiliary cell relative to the
carpogonium (procarpic vs nonprocarpic). We retain the genus Pugetia for the type species P. fragilissima and P.
cryptica sp. nov. and describe the new genus Salishia for Salishia firma (Kylin) comb. nov., S. sanguinea (Montagne)
comb. nov. and S. chilensis (J. Agardh) comb. nov. Finally, we completed morphological and anatomical examinations
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of other Pugetia species to provide a comprehensive review of the genus.

KEY WORDS: Biodiversity, COI-5P, DNA barcode, Florideophyceae, Kallymeniaceae, Pugetia

INTRODUCTION

The Kallymeniaceae is a large red algal family of c¢. 20
genera and 132 species with representatives in every ocean
and its highest diversity in temperate waters. The genera
possess similar female reproductive characters — namely,
a carpogonial branch system composed of a clavate to
lobed supporting cell with a variable number of three-celled
carpogonial branches and subsidiary cells (Hansen &
Lindstrom 1984) — and are delimited by vegetative (e.g.
thallus branching and internal anatomy) and reproductive
characters (e.g. morphology of the carpogonial branch and
cystocarp, procarpy vs nonprocarpy; Kylin 1956; Hansen &
Lindstrom 1984). Recently, genetic sequences have also
been used in combination with morphological characters to
delimit members of the family (Harper & Saunders 2002;
Clarkston & Saunders 2010).

Along the coast of Canada, there are currently eight
kallymeniacean genera (Callocolax, Callophyllis, Erythro-
phyllum, Euthora, Hommersandia, Kallymenia, Kallyme-
niopsis and Pugetia) and 18 species reported, most of
which occur only in the Pacific. One species, Euthora
cristata (C. Agardh) J. Agardh, is found on the Pacific,
Atlantic and Arctic coasts of Canada, while another,
Kallymenia schmitzii De Toni, is reported only from the

* Corresponding author (bridgette.clarkston@unb.ca).

Arctic (Hooper & South 1974; Lee 1980). Two species of

the genus Pugetia are found in Canada, P. fragilissima

Kylin and P. firma Kylin, both in British Columbia.
Kylin (1925) erected the genus Pugetia based on P.

fragilissima from Canoe Island, Washington, USA. He

distinguished Pugetia from the related Callophyllis by the
largely undivided or unevenly divided habit of the thallus
(Kylin 1941) and by characters of the medullary filament
cells — nearly isodiametric and pigmented in Pugetia and
larger, elongate and unpigmented in Callophyllis (Kylin
1925). Since then, 12 additional species have been recog-
nized: Pugetia firma Kylin (Kylin 1941) from Pacific Grove,
California, USA; Pugetia chilensis (J. Agardh) Kylin (Kylin
1941) from the coast of Chile; Pugetia sanguinea (Montagne)
Kylin (Kylin 1941) from the southern coast of Chile, all of
which were transferred to the red algal genus Callophyllis
(Norris 1957); Pugetia japonica Kylin (Kylin 1941) from
Chiba Prefecture, Japan, which was also transferred to
Callophyllis (Silva et al. 1987); Pugetia kylinii Baardseth
(Baardseth 1941) from the Tristan da Cunha Islands off the
west coast of Africa; Pugetia palmatifolia Tokida (Tokida
1948) from Higashisoya, southern Sakhalin, Japan (now
part of Russia), which was recently transferred to Hommer-
sandia (Selivanova & Zhigadlova 1997); Pugetia delicatis-
sima R.E. Norris (Norris 1957), from Gore Bay, Canter-
bury, New Zealand; Pugetia latiloba (W.R. Taylor) R.E.
Norris (Norris 1957) from Gardner Bay in the Galapagos
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finally, Pugetia mexicana E.Y. Dawson (Dawson 1966)

Islands; Pugetia porphyroidea (F. Schmitz ex Holmes) R.E. ical characters to delimit species. During our work, we i Table 1. Samples used in molecular analyses.
Norris and Pugetia harveyana (J. Agardh) (Norris 1964), uncovered and subsequently characterized previously un- [ Cenpiark . 12
both from the Cape of Good Hope, South Africa; and, recognized kallymeniacean diversity in the North Pacific. b enbank accession

specimens, in order to augment existing descriptions with
an emphasis on incorporating molecular and morpholog-

PE Applied Biosystems Big Dye (version 3.1) kit (following
the manufacturer’s instructions except only 1 ul of Big Dye

: -cies and voucher Collection site COI-5P UPA ITS LSU
from Isla San Loreno del Sur, Mexico. [ Species and v -
Since Pugetia was erected, it has been the subject of MATERIAL AND METHODS ' mel?f K_allymem.aceaf: R
several detailed studies (e.g. Kylin 1941; Norris 1957, 1964). : Beringia wynnei Clarkston & G.W. Saunders
Despite these rigorous examinations, however, the taxo- j GWS002222 Browning Wall, Port Hardy, BC, Canada HMO918467 N.D. N.D. N.D
R hr--is , > e ) Sample collection \ GWS003046  Seapool Rock, Bamfield, BC, Canada JF903289  JF903448 N.D. N.D
nomic status of many Pugetia species remains uncertain. ‘} GWS004487 Seapool Rock, Bamfield, BC, Canada JF903291 JF903450 N.D. N.D
This is due, in part, to the fact that four of the nine  All specimens were collected either in the subtidal by GWS004493 Seapool Rock, Bamfield, BC, Canada JF903287 JF903446 JF903425 Eg
currently recognized species of Pugetia are known virtually SCUBA or in the intertidal as attached individuals or drift g GWS004495 Seapool Rock, Bamfield, BC, Canada JF903290 JF903449 N.D. .
only from the type collections, and several others have been . R | GWS004755 Browning Wall, Port Hardy, BC, Canada JF903288 JF903447 N.D. N.D
Y yp e e The date and collector(s) of each specimen are available GWS004783  Browning Wall, Port Hardy, BC, Canada JF903203  JF903452 N.D. N.D.
COlleF:ted oply rarely. In addition, the majority of taxo- online by searching the Barcode of Life Data Systems 1 GWS004848 Tree Knob Islands, Prince Rupert, BC, Canada HM916627 N.D. N.D. N.D.
nomic studies on Pugetia took place before the advent of  (BOLD) accession number at http://www.barcodinglife.org, [ GWS004863 Tree Knob Islands, Prince Rupert, BC, Canada JF903286  JF903445 JF903424  JF833332
molecular tools. To date, only P. fragilissima, P. firma and and the location is reported in Table 1. Specimens were | GWS004878 Tree Knob Islands Prince Rupert, BC, Canada Eﬁg}%ég EB E[D) II;I[D)
P chilensis have been included in published molecular - dried on herbarium paper with a subsample dried in a vial Sy S ws008928 223333} Rk Bameld. BC. Canada HMO18847 N.D. N.D. N.D.
phylogenies (Harper & Saunders 2002; Le Gall & Saunders with silica gel for molecular analyses. ‘ l (;W5008929 Seapool Rock. Bamﬁeld: BCZ Canada HMO918848 N.D. N.D. N.D.
! 2007; Clarkston & Saunders 2010), and only one of these GWS008930 Seapool Rock, Bamfield, BC, Canada HM918849 N.D. N.D. N.D.
| studies examined the relationship of Pugetia within the  pDNA extraction, amplification and sequencing GWS008931 Seapool Rock, Bamfield, BC, Canada HM918850 N.D. N.D. N.D.
Kallymeniaceae in any detail (Harper & Saunders 2002). ‘ GWS010421 Seapool Rock, Bamfield, BC, Canada JF903292 JF98§§2 Alt E.g E.g.
An increasingly common practice in algal systematics is Genomic DNA was isolated following a protocol modified | GWS010432 Seapool Rock, Bamfield, BC, Canada HMO917277 JF9 1D .D.
to include multiple types of characters (e.g. morpholog- from Saunders (1993; see Saunders 2008). The 5" end of = Callophyllis laciniata (Hudson) Kutzing o ND ND
ical, anatomical, biogeographical, molecular) when de- the mitochondrial cytochrome c¢ oxidase I gene (DNA ‘ GWS001792 Strangford Lough, Portaferry, N. Ireland, UK JF903294 N.D. .D. ¢ F83;33;33
N : ’ - ’ . - . : : , : GWS001795 Strangford Lough, Portaferry, N. Ireland, UK N.D. N.D. JF90342 J
scribing species or completing monographs (e.g. Schneider barcode; COI-5P) region was amplified for all kallymenia- H .
& Lane 2008; Yamad 1 2008; Le Gall & Saund cean samples except four (Table 1) using one of the Erythrophyllum delesserioides J. Agardh
s ) ramada el a. & 2 Sk SIS . b . v . . & GWS000072 Piedras Blancas, California, USA GU140104 GU 140205 GU140205 AF419123
2010; Saunders & McDonald 2010). Molecular tools are  following primer combinations: GazF1 and GazR1 (Saun- { GWS001645 Seppings Is., Bamfield, BC, Canada GU140109 N.D. N.D. N.D.
increasingly being utilized for assigning specimens to  ders 2005), GazF1 and DumR1 (Saunders 2005), GazF1 ‘ GWS001664 Cape Beale, Bamfield, BC, Canada GUI140100  GU140203 N.D. N.D.
genetic species groups from which morphological and and GazR4 (Saunders 2008), or GWSFn (Le Gall & | GWS001665 Cape Beale, Bamfield, BC, Canada GU140103 N.D. N.D. II:IIB
anatomical characters can be assessed and for assigning Saunders 2010) and GWSRx (reverse; 5' ACTTCTGGRT- { GWS001746 Cape Beale, Bamficld, BC, Canada GU140099  GU140202 N.D. D
s : k : F GICCRAARAAYCA 3’ F me of the COI-5P- i GWS001747 Cape Beale, Bamfield, BC, Canada GU140113 GU140213 N.D. N.D.
cryptic specimens to known species (e.g. Fox & Swanson _ ). For so . b u GWS001752 Cape Beale, Bamfield, BC, Canada GUI140110  GUI140210 N.D. N.D.
2007; Guillemin et al. 2008). Several such tools have been  amplified samples, there was either poor amplification 38 GWS002910  Blowhole at Bradys Beach, Bamfield, BC, Canada  GU140107 ~ GU140208 ~ GU140208 ~ N.D.
used in red algae for species assignment, notably, the DNA using the above primers or contamination due to epi/ h GWS002911 Blowhole at Bradys Beach, Bamfield, BC, Canada GU140105 GU140206 N.D. N.D.
barcode (COI-5P, ¢. 664 base pairs from the 5’ region of endophytic biota; for these samples, the following primer | GWS002945 Seppings Is., Bamfield, BC, Canada GUiiOig? GLIJ\}A}gzm Eg ]:]B |
e itachonri ytochrome oo | g Suonders  combiatons were o GHA (Saundes 2000 and M QMU0 g b Bt I G
2005, 2008), the internal transcribed spacer of the  GazRl, GHalF and DumR1, GHalF and GHalR (Clarkston 3 GWS004405  Botanical Beach, Por( Renfrew, BC, Canada GUI140112  GUI140212 N.D. N.D.
ribosomal cistron (ITS; variable length; Ross ef al. 2003; & Saunders 2010), GHalF and GWSR3 (Saunders 2009), ! GWS004688 Palmerston Recreation Reserve, Vancouver Is., BC, Canada  GU140111  GU140211 N.D. N.D. |
Saunders 2005), and the universal plastid amplicon (UPA; ScyF1 (forward; 5 GGTACTCTRTATTTAATT 3’) and GWS006868 ‘Lands End’, Pachena Bay, Bamfield, BC, Canada GU140108 GU140209 N.D. N.D. ‘
¢. 400 base pairs, domain V of the 23S rRNA gene; GazR1, and GrF1 (forward; 5 ACTAATCATAARGATA- f Kallymeniopsis oblongifructa (Setchell) G.1. Hansen
Sherwood & Presting 2007; Sherwood et al 2008; TYGG 3’) and COX1R1 (Saunders 2008). The actual primer ‘ GWS001164 Seapool Rock, Bamfield, BC, Canada GU140196  GU140238 E B AYI\117];613
Clarkston & Saunders 2010). Of these tools, the COI-5P combination for each isolate is recorded on BOLD (http:/ ‘ gxggggggg gapaltols}fea]fhi}Bal}]ﬁle(:ild,BIéC,Ciell;lél?a élfflojgf(i I:Ig ND ND :
< = . - p K s S % * o €apoo ocK, bamiield, 5 anada B L Lo
is currently the §tanda1d DNA barcode ma.lker sanctioned www.boldsystems.org). The PCR amphﬁcat}on profile fol- GWS003040 Seapool Rock, Bamficld, BC, Canada GU140186  GU140232 N.D ND. }
by the Consortium for the Barcode of Life (http://www. lowed Hebert ez al. (2003) but used an annealing temperature GWS003044 Seapool Rock, Bamfield, BC, Canada GU140184 N.D. N.D. N.D.
barcoding.si.edu) — an international initiative dedicated to of 50°C. A portion of the plastid 23s rDNA (universal ‘ GWS003055 Seapool Rock, Bamfield, BC, Canada GU140200 N.D. N.D. N.D.
developing short, standardized DNA sequences as species-  plastid amplicon; UPA) was PCR amplified and sequenced ] GWS003058 Seapool Rock, Bamfield, BC, Canada GU140187 N.D. N.D. N.D.
level identification tools — and has been the primary marker  for select samples (Table 1), following the protocol outlined GWS003065 Seapool Rock, Bamfield, BC, Canada Jrclonans N-D. ND. ND.
: : E > . : . : ; GWS003066 Seapool Rock, Bamfield, BC, Canada GU140185 GU140231 GU140185 N.D.
used during recent and ongoing surveys of Canadian in Sherwood & Presting (2007), but used the modified GWS003143 Seapool Rock, Bamfield, BC, Canada GU140197 N.D. GU140197 N.D.
Kallymeniaceae. reverse primer P23SnewR (Clarkston & Saunders 2010). All GWS004496 Seapool Rock, Bamfield, BC, Canada GU140199  GU140240 N.D. N.D.
. A P 2 N.D
The objectives of this study were (1) to resolve the COI-5P and UPA PCR products were purified using i' GWS004530 Seapool Rock, Bamfield, BC, Canada GU140194 (G}ldlljgzgg II:]IB oD,
number of genetic species groups for Pugetia that occur ExoSAP-IT® (USB, Cleveland, OH, USA). The nuclear ) g%gggigg; ge:apooi gggt g;iﬁggg gg g‘:ﬁig‘: gg}jg}gg ND ND. ND.
along the coast of British Columbia using molecular tools, internal transcribed spacer region (ITS) was PCR amplified l GWS004533 szigg& Rock Bambicld, BCZ C;n;d; GU140198 GU140239 N.D. ND.
(2) determine whether previous groups matched recorded and sequenced for select samples (Table 1) following the GWS004534 Seapool Rock, Bamfield, BC, Canada GU140191 N.D. N.D. N.D
species from the region or were new records of Pugetia procedure of Tai et al. (2001). Partial nuclear large-subunit GWS004535 Seapool Rock, Bamfield, BC, Canada GU140190 GU140%35 N.D. II:]IB
species from other geographic regions or were new species,  ribosomal DNA (LSU) was also amplified and sequenced GWS004909 Stenhouse Reef, Prince Rupert, BC, Canada GU140189  GU140234 N.D. e
3) det : th hvl ti ffiniti f the P . fot 4 teBi tati £ I ies (Table 1) following th GWS004939 Stenhouse Reef, Prince Rupert, BC, Canada GU140188 GU140233 N.D. N.D.
3) determine the phylogenetic affinities of the Pugetia or a representative of each species (Table 1) fo owing the GWS008676 Seapool Rock, Bamfield, BC, Canada GU140193 ND. ND. ND.
species groups relative to other kallymeniacean genera protocol of Harper & Saunders (2001; but for modifications, GWS008919 Seapool Rock, Bamfield, BC, Canada JF903300 N.D. N.D. N.D.
using sequences of the large-subunit ribosomal DNA see Le Gall & Saunders 2010). All ITS and LSU GWS010428 Seapool Rock, Bamfield, BC, Canada JF903301 N.D. N.D. N.D.
(LSU), and (4) conduct the first reappraisal of this amplification products were cleaned using a glass wool I Pugetia cryptica Clarkston & G.W. Saunders
taxonomically controversial genus in over 50 years (Norris column protocol (Saunders 1993). { B057 Diana Island, Bamfield, BC, Canada N.D. N.D. N.D. AY171614
1957), including a re-examination of representative type Sequencing of all PCR products was carried out using the i GWS001737 Five Mile Reef, Haida Gwaii Islands, BC, Canada JF903305 JF903457 N.D. N.D.
i
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Table 1. Continued 1 Table 1. Continued

152 1 3

. . 2
GenBank accession GenBank accession'*?

Species and voucher Collection site COI-5P UPA ITS LSU Species and voucher Collection site COI-5P UPA ITS LSU
GWS003011 Black Fish Is., Bamfield, BC, Canada JF903306 N.D. JF903429 N.D. : GWS009056 Mears Bluff, Broken Group, Bamfield, BC, Canada HM918880 N.D. N.D. N.D.
GWS004125 Scotts Bay, Bamfield, BC, Canada JF903308 JF903459 JF903430 JF833331 | GWS010143 Flower Islet, Tahsis, BC, Canada HMO917194 N.D. N.D. N.D.
GWS004239 Saxe Pt., Victoria, BC, Canada JF903304 JF903456 N.D. N.D. } GWS010153 Flower Islet, Tahsis, BC, Canada JF903334 JF903467 N.D. N.D.
GWS008498 Backeddy Resort, Egmont, BC, Canada JF903302 JF903454 JF903428 N.D. ] GWS010592 Wizard Islet, Bamfield, BC, Canada HM917309 N.D. N.D. N.D.
GWS008499 Backeddy Resort, Egmont, BC, Canada HM917043 N.D. N.D. N.D. | GWS012589 Chaatl Island, Haida Gwaii, BC, Canada HM915297 N.D. N.D. N.D.
GWS008500 Backeddy Resort, Egmont, BC, Canada JF903303 JF903455 N.D. N.D. GWS012590 Chaatl Island, Haida Gwaii, BC, Canada HM915298 N.D. N.D. N.D.
GWS009089 Wizard Islet, Bamfield, BC, Canada JF903307 JF903458 N.D. N.D. 1 GWS012596 Chaatl Island, Haida Gwaii, BC, Canada HM915301 N.D. N.D. N.D.
GWS009090 Wizard Islet, Bamfield, BC, Canada HM918884 N.D. N.D. N.D. | GWS013398 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915637 N.D. N.D. N.D.
GWS010373 Palliser Rock, Comox, BC, Canada HM917257 N.D. N.D. N.D. ! GWS013401 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915665 N.D. N.D. N.D.
GWS010409 Savoie Rocks, Hornby Island, BC, Canada HM917271 N.D. N.D. N.D. < GWS013402 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HMO915672 N.D. N.D. N.D.
GWS010412 Savoie Rocks, Hornby Island, BC, Canada HMO917273 N.D. N.D. N.D. .! GWS013403 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915608 N.D. N.D. N.D.
GWS012608 Mazarredo Islands, Haida Gwaii, BC, Canada HM915302 JF903453 JF903427 N.D. 1 GWS013404 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915618 N.D. N.D. N.D.
GWS012652 Mazarredo Islands, Haida Gwaii, BC, Canada HM915331 N.D. N.D. N.D. }{ GWS013405 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915628 N.D. JF903431 N.D.

Pugetia fragilissima Kylin i QWSOI9665 Scotts Bay, Bamfield, BC, Qanada HQ919318 N.D. N.D. N.D.
GWS001695 Shields Island Bay, Haida Gwaii Islands, BC, Canada  JF903316 N.D. N.D. N.D. ‘ (fWSO20711 Kwuna Island, Ha%da Gwagl_, BC, Canada HQ919378 N.D. N.D. N.D.
GWS001696 Shiclds Island Bay, Haida Gwaii Islands, BC, Canada  JF903343 N.D. N.D. N.D. ] GWS020713 Kwuna Island, Haida Gwaii, BC, Canada HQ9I19379 N.D. N.D: N.D.
GWS001697  Shields Island Bay, Haida Gwaii Islands, BC. Canada ~ JF903320 N.D. N.D. N.D. ‘ GWS020766 B, Istand, Haida Gwaii, BG, Canada Q919381 WD N.D. N-D.
GWS002184 Bear Cove Park, Port Hardy, BC, Canada JF903319 N.D N.D N.D GWS020774 Kwuna Island, Haida Gwaii, BC Canada HQ919382 N.D. N.D. N.D.

; i i g Besiy sy i : 20806 Telephone Point, Haida Gwaii, BC, Canada HQ919383 N.D. N.D. N.D.
GWS002205 Daphne Pt., Port Hardy, BC, Canada JF903342  JF903469 N.D. N.D J GWS0 p (i i, BC,,
’ ’ ] 3 21 Telephone Point, Haida Gwaii, BC, Canada HQ919384 N.D. N.D. N.D.
GWS002207 Daphne Pt., Port Hardy, BC, Canada JF903332 N.D. N.D. N.D. GWS02082 p LELE, A i, B
GWS002209 Dapl P o - el | GWS020826 Telephone Point, Haida Gwaii, BC, Canada HQ919385 N.D. N.D. N.D.
2 phne Pt., Port Hardy, BC, Canada HM918465 N.D. N.D. N.D. ’ : : =
GWS002870 Bradys Beach, Bamfield, BC, Canada JTF903338 N.D ND N.D | GWS020833 Telephone Point, Haida Gwaii, BC, Canada HQ919386 N.D. N.D. N.D.
GWS002968 Scotts Ba B’ field B’C C: 2 g = pidy ! GWS020844 Indian Head, Haida Gwaii, BC, Canada HQ919387 N.D. N.D. N.D.
a y, Bamfield, , Canada JF903330 N.D. N.D. N.D. | xt . . ..
GWS003267 Wizard Islet. Bamfield. BC. Canada TF903339 N.D N.D ND ! GWS020852 Indian Head, Haida Gwaii, BC, Canada HQ919388 N.D. N.D. N.D.
GWS004110 Scotts Bay i3amﬁeld i}C éallada JF9033;10 N.D. N.D' N.D. M GWS020856 Indian Head, Haida Gwaii, BC, Canada HQ919389 N.D. N.D. N.D.
GWS004111 Scotts Ba 3 Bamfi Id’ BC‘ " = Sy N { GWS020860 Indian Head, Haida Gwaii, BC, Canada HQ919390 N.D. N.D. N.D.
ay, Bamfield, , Canada JF903335 N.D. N.D. N.D. = . . "
GWS004122 Scotts Bay. Bamfield ey GWS020922 Indian Head, Haida Gwaii, BC, Canada HQ919391 N.D. N.D. N.D.
y, Bamfield, BC, Canada JF903333 JF903466 N.D. N.D. i . X
GWS004127 Scotts Bay. Bamfield. BC. Canads GWS021083 Masset Inlet, Haida Gwaii, BC, Canada HQ91939%4 N.D. N.D. N.D.
ay, Bamfield, , Canada JF903329 N.D. N.D. N.D . 5 p e :
GWS004128 Scotts Bay, Bamfield, BC, Canada JF903331 N.D. N.D. N.D. GWS021086 Masset Inlet, Haida Gwaii, BC, Canada HOB13395 N.D. N, D
GWS004335  Dixon Is., Bamfield, BC, Canada JF903311  JF903461 N.D. JF833330 ‘ GWS2L125  Messct Inlet, Haida Gwill; BC, Caada D2 LB BB N.D.
GWS004551 Satellite Passage Reef, Bamfield, BC, Canada JF903344 JF903470 N.D. N.D. ' Salishia chilensis (J. Agardh) Clarkston & G.W. Saunders
GWS004553 Satellite Passage Reef, Bamfield, BC, Canada JF903328 N.D. N.D. N.D. | ‘ GWS000501 Ancud Bay, Chiloe Is., Chile JF903345 N.D. N.D. AY171602
GWS004554 Satellite Passage Reef, Bamfield, BC, Canada JF903315 JF903462 JF903433 N.D. 1 Salishia firma (Kylin) Clarkston & G.W. Saunders
GWS004555 Satellite Passage Reef, Bamfield, BC, Canada JF903324 N.D. N.D. N.D. i ’ . . y
GWS004556 Satellite Passage Reef, Bamfield, BC, Canada HMO918668 N.D. N.D. N.D. : g(iz?;sooow . SDe‘XOElIZ"’If ag’,ﬂf&ﬁ%g aéalﬂ‘,‘l i ;Egggggg E‘B‘ E'g' E‘B'
GWS004557 Satellite Passage Reef, Bamficld, BC, Canada JF903323 N.D. N.D. N.D. ot L Dt TE Dsds TESOT36A XD ND. D,
GWS004558 Satellite Passage Reef, Bamfield, BC, Canada JF903322 N.D. N.D. N.D. GWSOOOS;6 Dixon Is.’ B;mfield’ BC, C;l‘l‘ld’l JF902%57 N.D. N-D. N.D.
GWS004559 Satellite Passage Reef, Bamfield, BC, Canada JF903314 N.D. N.D. N.D. < - g . =g =% = =
GWS004560 S . " GWS000850 Seppings Is., Bamfield, BC, Canada JF903355 N.D. N.D. N.D.
atellite Passage Reef, Bamfield, BC, Canada JF903313 N.D. N.D. N.D. GWS001094 Dixoi: Is.. Bamtield, BC. Catiada TE903363 ND ND N.D
GWS004561 Satellite Passage Reef, Bamfield, BC, Canada JF903327 N.D. JF903434 N.D. GWS001105 P s.’ls cB”unfiéld l;»C Cflnfdd‘l JF9O33521 N‘D. N.D. N-D.
GWS004562 Satellite Passage Reef, Bamfield, BC, Canada JF903321 N.D. N.D. N.D. prbiiptopenp D e Bamafisld. BC. Canada, Tronaas4 2y ND. ey
GWS004563 Satellite Passage Reef, Bamfield, BC, Canada JF903312 N.D. JF903432 N.D. GWSOO2%47 Dixon Is” Bamfield~ BC’ Can’ld; JF903%81 N.D' N'D' N.D.
GWS004564 Satellite Passage Reef, Bamfield, BC, Canada HM918669 N.D. N.D. N.D. GWS002748 Dixon Is.. Bamfield. BC. Canada 1F903379 ND. ND. ND.
GWS004565 Satellite Passage Reef, Bamfield, BC, Canada JF903326 JF903465 N.D. N.D. SWS003457 Dixon Is.. Bamfield. BC. Canada TF903387 ND. ND. ND.
GWS004777 Brovming Wall, Port. Hardy, BC,. Canzda HMO918697 N.D. N.D. N.D. GWS003458 Dixon Is., Bamfield, BC, Canada JF903385  JF903481 N.D. N.D.
GWS004779 Browning Wall, Port Hardy, BC, Canada JF903341 JF903468 N.D. N.D. ! GWS003459 Dixon Is.. Barifield. BC, Catiada TE903383 N.D ND ND
GWS004792 Ruth Is., Port Hardy, BC, Canada HM918701 N.D. N.D. N.D. : GWS003463 Dixon Is.. Bamficld. BC. Canada JF903382 ND. ND. ND.
GWS004793 Ruth Is., Port Hardy, BC, Canada JF903325 JF903464 N.D. N.D. < o . 1 d Y e 1. =% e =
) GWS003464 Dixon Is., Bamfield, BC, Canada HM918576 N.D. N.D. N.D.
GWS004851 Tree Knob Islands Prince Rupert, BC, Canada HM918710 N.D. N.D. N.D. GWS003479 Dixon Is.. Bamfield. BC. Canada JF903361 N.D N.D ND
GWS004855 Tree Knob Islands Prince Rupert, BC, Canada HM918711 N.D. N.D. N.D. GWSOO%90’) Dixon Is“ B("tmfield~ BC’ C'(madfl JF903380 N.D. N.D‘ N.D.
GWS004870 Tree Knob Islands Prince Rupert, BC, Canada HM918713 N.D. N.D. N.D. < ROLC Lo ? R =4 = fey
GWS004864 Tr g X GWS003969 Seppings Is., Bamfield, BC, Canada JF903360 N.D. N.D. N.D.
ree Knob Islands Prince Rupert, BC, Canada JF903310 JF903310 N.D. N.D. i GWS003970 S inos Is.. Bamifield. BC. Canad: JF903358 JTF903473 N D N.D
GWS006581 Island #37, Tahsis, BC, Canada JF903318  JF903463 N.D. N.D. | . ; CPPINgs 8., JAMUCIC, 2, ~anacd s = =
GWS008178 S ) - ’ GWS003971 Seppings Is., Bamfield, BC, Canada JF903356 N.D. N.D. N.D.
cotts Bay, Bamfield, BC, Canada JF903336 N.D. N.D. N.D. " L2 - ey 2
GWS008737 Wizar L GWS003972 Seppings Is., Bamfield, BC, Canada JF903374 JF903476 N.D. N.D.
izard Islet, Bamfield, BC, Canada JF903337 N.D. N.D. N.D. . - e dz
GWS008972 Execution Rock. Bamfield. BC. Canada JF903317 ND N.D N.D " GWS003973 Seppings Is., Bamfield, BC, Canada JF903373 N.D. N.D. N.D.
o it 1 i € = g g GWS004154 Otter Point, BC, Canada JF903377 JEF903479 JF903437 JF833329
GWS008992 Scotts Bay, Bamfield, BC, Canada HM918865 N.D. N.D. N.D. & GWS004158 Otter Point. BC. Canada HMO918635 ND ND ND
GWS008993 Scotts Bay, Bamfield, BC, Canada HM918866 N.D. N.D. N.D. { GWS004159 Otter Point‘ BC! Canada TE903376 JF963478 N:D: N:D:
GWA008094- Sentls Bay, Bamiicle, BC, Canady HMD18867 N.D. N.D. N.D. ! GWS004162  Otter Point, BC, Canada JF903375  JF903477  JF903436 N.D.
GWS008995 Scotts Bay, Bamfield, BC, Canada HM918868 N.D. N.D. N.D. £ GWS004169 Otter Poitit.-BC. Canada TF903370 N.D N.D N.D
GWS008996 Scotts Bay,-Bamfield, .BC, Canads HMO918869 N.D. N.D. N.D. ‘ GWS004209 Whiffen Spit, Sooke, BC, Canada JF903388  JF903482 N.D. N.D.
GWS009005 Scotts Bay, Bamfield, BC, Canada HM918872 N.D. N.D. N.D. i GWS004250 Save PE. Victatia. BC Cramada ND TF903471 N.D N D
GWS009017 Gilbert Island, Broken Group, Bamfield, BC, Canada HM918873 N.D. N.D. N.D. i = : - P - 1. g o2 N N
i R ] . S GWS004918 Stenhouse Reef, Prince Rupert, BC, Canada JF903378 JF903480 N.D. N.D.
GWS009018 Gilbert Island, Broken Group, Bamfield, BC, Canada HM918874 N.D. N.D. N.D. i < . ) PN - j
GWS009021 Gilbert Is : N : 1 GWS005025 Ridley Island, Prince Rupert, BC, Canada JF903369 JF903475 N.D. N.D.
2 ilbert Island, Broken Group, Bamfield, BC, Canada  JF903309 N.D. N.D. N.D. = : : - ; et
S R - GWS005026 Ridley Island, Prince Rupert, BC, Canada JF903362 N.D. N.D. N.D.
GWS009026 Gilbert Island, Broken Group, Bamfield, BC, Canada HM915811 N.D. N.D. N.D. 3 GWS006579 Island #37, Tahsis, BC, Canada HMO916793 N.D N.D N.D
GWS009045 Mears Bluff, Broken Group, Bamfield, BC, Canada HM918876 N.D. N.D. N.D. i GWS006583 lslimd #37’ T;hsis, BC’ C'1n'(1d; HMO916794 N.D. N.D. N.D.




38  Phycologia, Vol. 51 (1), 2012 Clarkston & Saunders: Molecular and morphological examination of Pugetia 39
Table 1. Continued 1 Table 1. Continued
A
GenBank accession' l GenBank accession'+?

Species and voucher Collection site COI-5P UPA ITS LSU I Species and voucher Collection site COI-5P UPA ITS LSU
GWS006627 Island #40, Tahsis, BC, Canada JF903368 N.D. N.D N.D. -j] GWS004500 Seapool Rock, Bamfield, BC, Canada JF903408 N.D. N.D. N.D.
GWS006628 Island #40, Tahsis, BC, Canada JF903366 JF903474 N. N.D. , GWS004625 Vivian Is., Comox, BC, Canada JF903407 N.D. JF903441 N.D.
GWS006749 Friendly Cove, Tahsis, BC, Canada JF903367 N.D. N.D N.D. { GWS004626 Vivian Is., Comox, BC, Canada JF903398 N.D. N.D. N.D.
GWS008181 Scotts Bay, Bamfield, BC, Canada HMO915785 N.D. N. N.D. GWS004628 Vivian Is., Comox, BC, Canada JF903397 N.D. N.D. N.D.
GWS008503 Backeddy Resort, Egmont, BC, Canada JF903389 JF903483 N.D N.D. GWS004629 Vivian Is., Comox, BC, Canada JF903396 N.D. N.D. N.D. |
GWS008504 Backeddy Resort, Egmont, BC, Canada JF903386 N.D. N.D N.D GWS004631 Vivian Is., Comox, BC, Canada JF903419 JF903491 N.D. N.D. {
GWS009992 Island #40, Tahsis, BC, Canada JF903372 N.D. N.D N.D GWS004634 Vivian Is., Comox, BC, Canada HM918676 N.D. N.D. N.D. |
GWS009994 Island #40, Tahsis, BC, Canada JF903371 N.D. N.D N.D GWS004750 Browning Wall, Port Hardy, BC, Canada HM918693 N.D. N.D. N.D. :
GWS010144 Flower Islet, Tahsis, BC, Canada HMO917195 N.D. N.D N.D. GWS004759 Browning Wall, Port Hardy, BC, Canada JF903395 JF903485 N.D. N.D. |
GWS010152 Flower Islet, Tahsis, BC, Canada HM917200 N.D. N.D N.D. GWS004766 Browning Wall, Port Hardy, BC, Canada HMO918694 N.D. N.D. N.D.
GWS010787 Seppings Is., Bamfield, BC, Canada HM917330 N.D. N.D N.D. GWS004778 Browning Wall, Port Hardy, BC, Canada JF903422 N.D. N.D. N.D.
GWS010807 Seppings Is., Bamfield, BC, Canada HM917335 N.D. N.D N.D. GWS004850 Tree Knob Islands Prince Rupert, BC, Canada JF903393 N.D. N.D. N.D.
GWS012982 Scudder Pt., Gwaii Haanas, Haida Gwaii, BC, Canada HM?915409 N.D. N.D N.D. GWS004868 Tree Knob Islands Prince Rupert, BC, Canada JF903403 N.D. N.D. N.D.
GWSO013010 Scudder Pt., Gwaii Haanas, Haida Gwaii, BC, Canada HM915524 JF903472 N.D N.D. GWS004872 Tree Knob Islands Prince Rupert, BC, Canada JF903392 N.D. N.D. N.D.
GWS013335 Murchison Island Lagoon, Gwaii Haanas, Haida HM915670 N.D. N.D N.D. i GWS004908 Stenhouse Reef, Prince Rupert, BC, Canada JF903402 JF903486 JF903439 N.D.

Gwaii, BC, Canada GWS004914 Stenhouse Reef, Prince Rupert, BC, Canada HM918719 N.D. N.D. N.D.
GWS013336 Murchison Island Lagoon, Gwaii Haanas, Haida HM915607 N.D. N.D. N.D. l GWS004915 Stenhouse Reef, Prince Rupert, BC, Canada JF903401 N.D. JF903438 N.D.
Gwaii, BC, Canada J GWS004916 Stenhouse Reef, Prince Rupert, BC, Canada JF903400 N.D. N.D. N.D.
GWS013400 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915657 N.D. N.D. N.D. GWS004917 Stenhouse Reef, Prince Rupert, BC, Canada JF903421 N.D. N.D. N.D.
GWS013406 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915638 N.D. N.D. N.D. GWS004919 Stenhouse Reef, Prince Rupert, BC, Canada HMO918720 N.D. N.D. N.D.
GWS013407 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915647 N.D. N.D. N.D. GWS004920 Stenhouse Reef, Prince Rupert, BC, Canada HM918721 N.D. N.D. N.D.
GWS013408 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915658 N.D. N.D. N.D. GWS004921 Stenhouse Reef, Prince Rupert, BC, Canada JF903413 N.D. N.D. N.D.
GWS013409 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915666 N.D. N.D. N.D. GWS004923 Stenhouse Reef, Prince Rupert, BC, Canada HM918722 N.D. N.D. N.D.
GWS013410 Burnaby Narrows, Gwaii Haanas, Haida Gwaii, BC, Canada HM915673 N.D. JF903435 N.D. GWS004928 Stenhouse Reef, Prince Rupert, BC, Canada JF903412 JF903489 JF903442 N.D.
GWS013576 Newberry Cove, Gwaii Haanas, Haida Gwaii, BC, Canada HM916282 N.D. N.D. N.D. GWS004930 Stenhouse Reef, Prince Rupert, BC, Canada JF903399 N.D. N.D. N.D.
GWSO013577 Newberry Cove, Gwaii Haanas, Haida Gwaii, BC, Canada HM916292 N.D. N.D. N.D. GWS008686 Seapool Rock, Bamfield, BC, Canada JF903423 N.D. N.D. N.D.
GWS013578 Newberry Cove, Gwaii Haanas, Haida Gwaii, BC, Canada HM916302 N.D. N.D. N.D. GWS008920 Seapool Rock, Bamfield, BC, Canada JF903409 JF903488 N.D. N.D.
GWS013580 Newberry Cove, Gwaii Haanas, Haida Gwaii, BC, Canada HM916245 N.D. N.D. N.D. GWS008922 Seapool Rock, Bamfield, BC, Canada HMO918845 N.D. N.D. N.D.
GWS013591 Newberry Cove, Gwaii Haanas, Haida Gwaii, BC, Canada HM916246 N.D. N.D. N.D. GWS008923 Seapool Rock, Bamfield, BC, Canada HMO918846 N.D. N.D. N.D.
GWS019399 Execution Rock, Bamfield, BC, Canada HQ544373 N.D. N.D. N.D. GWS008924 Seapool Rock, Bamfield, BC, Canada JF903405 N.D. N.D. N.D. |
GWS019783 Alder Island, Haida Gwaii, BC, Canada HQ544617 N.D. N.D. N.D. GWS008926 Seapool Rock, Bamfield, BC, Canada JF903390 N.D. N.D. N.D. !
GWS019821 Alder Island, Haida Gwaii, BC, Canada HQ544637 N.D. N.D. N.D. { GWS010142 Flower Islet, Tahsis, BC, Canada HM917193 N.D. N.D. N.D.
GWS019828 Alder Island, Haida Gwaii, BC, Canada HQ544643 N.D. N.D. N.D. GWS010145 Flower Islet, Tahsis, BC, Canada HM917196 N.D. N.D. N.D.
GWS019849 Alder Island, Haida Gwaii, BC, Canada JF903348 N.D. N.D. N.D. ‘ GWS010150 Flower Islet, Tahsis, BC, Canada HMO917199 N.D. N.D. N.D.
GWS020029 Saw Reef, Haida Gwaii, BC, Canada HQ544719 N.D. N.D. N.D. ‘ GWS010162 Flower Islet, Tahsis, BC, Canada HM917207 N.D. N.D. N.D.
GWS020076 Saw Reef, Haida Gwaii, BC, Canada HQ544746 N.D. N.D. N.D. 1 GWS010163 Flower Islet, Tahsis, BC, Canada HM917208 N.D. N.D. N.D.
GWS020110 Saw Reef, Haida Gwaii, BC, Canada JF903347 N.D. N.D. N.D. | GWS010164 Flower Islet, Tahsis, BC, Canada HM917209 N.D. N.D. N.D.
GWS020204 East Copper Island, Haida Gwaii, BC, Canada HQS544793 N.D. N.D. N.D. ! GWS010372 Palliser Rock, Comox, BC, Canada HMO917256 N.D. N.D. N.D.
GWS020258 East Copper Island, Haida Gwaii, BC, Canada HQ544830 N.D. N.D. N.D. GWSO012551 Tecenakun Point, Chaatl Island, Haida Gwaii, BC, Canada ~ HM915290 N.D. N.D. N.D.
GWS020261 East Copper Island, Haida Gwaii, BC, Canada HQ544832 N.D. N.D. N.D. GWS012553 Teenakun Point, Chaatl Island, Haida Gwaii, BC, Canada JF903391 N.D. N.D. N.D.
GWS020329 East Copper Island, Haida Gwaii, BC, Canada HQ544866 N.D. N.D. N.D. Family Dumontiaceae
GWS020484 Hot Spring Island, Haida Gwaii, BC, Canada HQ544938 N.D. N.D. N.D. : e ; ; .
GWS020485 Hot Spring Island, Haida Gwaii, BC, Canada JF903346 N.D. N.D. N.D. . Constanzara Spplex Batchell
GWS020486 Hot Spring Island, Haida Gwaii, BC, Canada HQ544939 N.D. N.D. N.D. GWS002896 Bradys Beach, Bamfield, BC, Canada JF903295 N.D. N.D. N.D.
GWS020488 Hot Spring Island, Haida Gwaii, BC, Canada HQ544940 N.D. N.D. N.D. 1 Dilsea carnosa (Schmidel) Kuntze
GWS020533 Kunga Island, Haida Gwaii, BC, Canada HQ544962 N.D. N.D. N.D. ‘ GWS000746 Europe N.D. N.D. N.D. EF033609
g\&’/gg%gg;g IISLlllga Isl'an(cii, H‘d.ld,'d Gw’a‘1.1. BC, Can'ad'a HQ544963 N.D. N.D. N.D. 1 Dilsea integra (Kjellman) Rosenvinge
2 -dl’lLlLl ISI(}H 5 Haldd GWdll, BC, Canadd. . HQ544989 N.D. N.D: N‘D. Gwsooz334 Cape Bl’CtOIl, Canada AY970634 N.D. N.D. N.D.
GWS021338 Pigeon Point Lighthouse, Pescadero, California, USA  JF903353 N.D. N.D. N.D. Dudr erticill Witheri Le Joli
GWS021340 Pigeon Point Lighthouse, Pescadero, California, USA JF903352 N.D. N.D. N.D. ‘ udresnaya verticillata (Withering) Le Jolis
GWS021339 Pigeon Point Lighthouse, Pescadero, California, USA  HQ544051 N.D. N.D. N.D. i GWS001090 Co. Galway, Ireland N.D. N.D. N.D. GU176301
GWS022123 Pigeon Point Lighthouse, Pescadero, California, USA  JF903351 N.D. N.D. N.D. { Dumontia alaskana Tai, Lindstrom & G.W. Saunders
GWS022124 Pigeon Point Lighthouse, Pescadero, California, USA  JF903350 N.D. N.D. N.D. i G0221 Shaman Is., Alaska, USA N.D. N.D. N.D. AF419122
GWS022282 Stillwater Cove, Pebble Beach, California, USA JF903349 N.D. N.D. N.D. L ) . N
GWS022291 Stillwater Cove, Pebble Beach, California, USA HQ544228 N.D. N.D N.D. F AINRATIIE, BATRAFGR (55, ‘el R
e . § i GWS001815 Mullaghmore Head, Ireland AY970583 N.D. N.D. N.D.
Salishia sanguinea (Montagne) Clarkston & G.W. Saunders g Farlowi lis (Har & Bailey) Farlow & Setchell
GWS001160 Seapool Rock, Bamfield, BC, Canada JF903417 N.D N.D. N.D. i arlowia wiollls (Flaryey & Belley) Patlow & Seiphs
GWS001364 Satellite Passage Reef, Bamfield, BC, Canada JF903415 N.D N.D. N.D GWS000845 Seppings Is., Bamfield, BC, Canada JF903296 N.D. N.D. GU176299
GWS003051 Seapool Rock, Bamfield, BC, Canada JF903411 N.D. N.D. N.D. : Gibsmithia dotyi Kraft & R.W. Ricker
GWS003053 Seapqol Rock, Bamﬂeld, BC Canada JF903410 N.D. N.D. N.D. £ GWS002048 Islands off Balls Pyramid, Lord Howe Island, Australia N.D. N.D. N.D. GU176298
WS00s  Seapool Rook Bamfield. BC, Canada T Npe o "Npe GHbsRiis Benallinsts Dty
GWS004152  Otter Point, BC, Canada JF903420  JF903492  JF903443 N.D. GWS001343___Maunalua Bay, Oahu, Hawaii, USA NI, D) BLE GUL62
GWS004248 Saxe Pt., Victoria, BC, Canada JF903414 N.D. N.D. N.D. : Neodilsea borealis (I.A. Abbott) Lindstrom
GWS004251 Saxe Pt., Victoria, BC, Canada JF903418 N.D. N.D. N.D. - GWS001681 Bear Cove Park, Port Hardy, BC, Canada AY970614 N.D. N.D. N.D.
GWS004479 Seapool Rock, Bamfield, BC, Canada JF903394 JF903484 N.D. N.D. ] Neodilsea natashae Lindstrom
GWS004497 Seapool Rock, Bamfield, BC, Canada JF903416 JF903490 N.D. N.D. f G024 Shaman Is., Alaska, USA AY970624 ND. N.D. JTF928825
i
i




40  Phycologia, Vol. 51 (1), 2012

Table 1. Continued

. 2
GenBank accession'+?

Species and voucher Collection site COI-5P UPA ITS LSU
Kraftia dichotoma Shepley & Womersley
GWS000924 Queenscliff Jetty, Port Phillip Heads, Victoria, Australia N.D. N.D. N.D. GU176296
Weeksia reticulata Setchell
GWS001705 Gospel Reef, Haida Gwaii Islands, BC, Canada EU189325 N.D. N.D. JF928824
Family Rhizophyllidaceae
Portieria hornemannii (Lyngbye) P.C. Silva
G0232 Culture isolate N.D. N.D. N.D. FJ848973

' N.D. = not determined.

2 . . . . .
2 Accession numbers in bold type indicate sequences were acquired from GenBank.

was used per sample; ABI, Foster City, CA, USA).
Forward and reverse sequence reads (excluding the PCR
primer regions) were edited using SequencherTM 4.8 (Gene
Codes Corporation, Ann Arbor, MI, USA).

Sequencing alignments

COI-5P data were generated in this study for the Beringia,
Callophyllis, Pugetia and Salishia species; two Kallymeniop-
sis oblongifructa specimens; and the dumontiacean out-
group species Constantinea simplex and Farlowia mollis
(Table 1). COI-5P data for Erythrophyllum delesserioides
and the remaining K. oblongifiucta were from a previously
published study (see Clarkston & Saunders 2010), while the
remaining dumontiacean sequences were downloaded from
GenBank (Table 1). UPA data for all species, except E.
delesserioides and K. oblongifiucta (see Clarkston &
Saunders 2010), were generated in this study. All the data
for the ITS alignment were generated in this study (see
Table 1). COI-5P, UPA and ITS data were uploaded to
BOLD (Ratnasingham & Hebert 2007). The LSU alignment
contained newly determined sequences for Salishia firma
(GWS003082), Salishia sanguinea (GWS004154), Pugetia
fragilissima (GWS004335), Pugetia cryptica (GWS004125),
Beringia wynnei (GWS004863) and Callophyllis laciniata
(Hudson) Kiitzing (GWS001795) combined with previously
published sequences from members of the Kallymeniaceae
downloaded from GenBank (Table 1; see Harper &
Saunders 2002; Clarkston & Saunders 2010). LSU sequences
from 10 species of the closely related families Dumontiaceae
and Rhizophyllidaceae (Tai et al. 2001) were downloaded
from GenBank and used to root the tree (see Table 1). The
COI-5P, UPA, ITS and LSU sequences were aligned
manually with the assistance of MacClade version 4.08
(Maddison & Maddison 2003).

Molecular analyses

For each of the COI-5P, UPA and ITS datasets, genetic
species groups were determined by distance analyses using
the neighbor-joining algorithm in PAUP* 4.0b10 (Swofford
2002). The intra- and interspecific sequence divergence
values for each species group were determined in BOLD
using the Kimura 2-parameter distance model.
Phylogenetic analyses were performed on the LSU data set
(20 Kallymeniaceae + 10 Dumontiaceae/Rhizophyllidaceae)

and a data set combining the LSU and COI-5P sequences
(14 Kallymeniaceae + 7 Dumontiaceae) to assess interspecific
relationships among the Kallymeniaceae. For both the LSU
only and LSU + COI-5P data sets, a maximum likelihood
analysis was performed using PhyML 3.0 (Guindon &
Gascuel 2003) with a general time-reversible substitution
model (selected using jModeltest version 0.1.1; Posada 2008)
and a PhyML-estimated proportion of invariable sites and
gamma shape parameters. The starting tree was determined
using BIONJ, nearest neighbor interchanges branch swap-
ping was in effect and tree topology and branch lengths were
optimized. Branch support was estimated using both
nonparametric bootstrap resampling (1000 replicates) and
the Shimodaira—Hasegawa-like approximate likelihood ratio
test (aLRT). The unrooted tree was imported into Archae-
opteryx (version 0.955 beta) and rooted with reference to the
out-group Dumontiaceaec and Rhizophyllidaceaec. MrBayes
3.1 (Huelsenbeck 2001) was used to complete Bayesian
analyses under a general time-reversible model on both the
LSU data set and the combined LSU and COI-5P data set.
For the combined LSU + COI-5P analysis, the data were
partitioned by gene as well as by codon for the COI-5P data.
For both the LSU only and the LSU + COI-5P analyses,
sampling was performed every 1000 generations, and the run
was replicated twice. Each analysis was run for three million
generations, and an appropriate burn-in was estimated by
plotting the overall likelihood against generations prior to
estimating the posterior probability distribution. The final
tree topology and posterior probability values for each
analysis were based on the combined results from the
stationary phase of the two independent runs.

Morphological and anatomical analyses

Tissue for anatomical work was excised from herbarium
specimens and either rehydrated in a 4% formaldehyde, 1%
Tween® 20 detergent solution for 30 minutes and sectioned
using a freezing microtome (CM 1850; Leica, Heidelberg,
Germany) or peeled using a technique similar to Hansen &
Lindstrom (1984). For peeling, pieces ¢. 2 cm in diameter were
cut from the apical region of a blade and soaked for 1 hour
eachin 5% 1 N KOH and then water. The cortices were then
teased apart using a razor and soft-touch forceps. A 1%
analine blue in 6% 5 N hydrochloric acid stain was used for
highlighting vegetative features and structures of the female
reproductive system in all sections and peels; however,
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sections were assessed for pigmentation prior to staining.
Male specimens were not stained because the colourless
spermatangia were not as easily detected once stained.
sjamples were permanently mounted in 50% corn syrup
(with 4% formaldehyde to prevent microbial growth).
photomicrographs were recorded on a Leica DFC480
digital camera mounted on a Leica DM5000B light
1]A1;CI'OSC0p€. All images were imported into Adobe® Photo-
Shop® CS (Adobe Systems Inc., San Jose, CA, USA) for
plate assembly.

RESULTS AND DISCUSSION

Based on our molecular and morphological results (dis-
cussed below) the following taxonomic changes are
proposed: Salishia Clarkston & G.W. Saunders gen. nov.,
Salishia firma (Kylin) Clarkston & G.W. Saunders comb.
nov.. Salishia sanguinea (Montagne) Clarkston & G.W.
Saunders comb. nov., Salishia chilensis (J. Agardh)
Clarkston & G.W. Saunders comb. nov., Pugetia cryptica
Clarkston & G.W. Saunders sp. nov. and Beringia wynnei
Clarkston & G.W. Saunders sp. nov.

Molecular results and discussion

Specimens from British Columbia that were field identified
as P. firma resolved as three species groups using the
COI-5P marker (Fig. 1). A specimen of Pugetia chilensis
(here referred to as Salishia chilensis) from Chile was also
included in our analysis and resolved as a distinct genetic
group associated with one of the ‘P. firma’ groups (here
rendered the type of Salishia and referred to as Salishia

firma). Both S. firma and S. chilensis grouped with another

‘P. firma’ group (here referred to as Salishia sanguinea),
while the third ‘P. firma’ group (here referred to as Beringia
wynnei) was highly divergent (Fig. 1). Specimens identified
as P. fragilissima resolved as two separate but closely
related groups (here referred to as P. fragilissima and P.
cryptica; Fig. 1). In addition, Callophyllis laciniata from
Northern Ireland resolved as a distinct species group and
was included because of its affinity to Pugetia species rather
than Callophyllis (discussed below), while Kallymeniopsis
oblongifructa and Erythrophyllum delesserioides were in-
cluded because of their close affinities with Beringia wynnei.

The UPA and ITS markers each resolved the same species
groups as COI-SP (not shown). The level of intra- and
interspecific sequence divergence varied for each marker with
ITS being the most variable marker overall (except for between
K. oblongifiucta, E. delesserioides and B. wynnei, where COI-
5P was most variable) and UPA the most conserved (Fig. 2).
The level of intraspecific variation in this study is consistent
with previously published data for red algae (Robba et al.
2006; Saunders 2008; Le Gall & Saunders 2010); for all
species groups and all markers, the highest intraspecific
variation was lower than the lowest interspecific variation.
Also, in every case, the mean interspecific variation was at
least 10X greater than the mean intraspecific variation.

To resolve the interspecific relationships of the species
groups determined using COI-5P, we conducted phyloge-
netic analyses on two data sets: an LSU-only and a

combined LSU and COI-5P data set. Phylograms inferred
from Bayesian analyses are presented for the LSU (—=LnL =
12,093.63) and LSU+COI-5P data sets (—LnL = 13,402.84)
with posterior probabilities as well as bootstrap and alLRT
support results for maximum likelihood analyses appended
(Figs 3, 4). In all analyses, there was a fully supported
alliance between Pugetia fragilissima and P. cryptica as well
as a fully supported alliance between Salishia firma,
S. chilensis and S. sanguinea. The divergence between the
Pugetia fragilissimal P. cryptica cluster and the S. firmalS.
sanguineal S. chilensis cluster was greater than typically seen
between genera of the Kallymeniaceae (Figs 3, 4), and the
two clusters were separated by Callophyllis laciniata with
weak to strong support, depending on the analysis (Figs 3,
4). All molecular evidence is consistent with generic division
for Pugetia spp., which was also evident in our morpholog-
ical and anatomical investigations (see Taxonomic Results).
We consider C. laciniata as incertae sedis until further
sampling (only one sample available here) and analyses can
be conducted to determine its taxonomic affinities.
Beringia wynnei resolved in a strongly supported lineage
with the species Erythrophyllum delesserioides and Kally-
meniopsis oblongifiucta in all our phylogenetic analyses
(Figs 3, 4). The close allegiance of these taxa is surprising
given that each is assigned to a separate genus. The
traditional placement of E. delesserioides and K. oblongi-

fructa in different genera is based on the high level of

morphological divergence between them — Erythrophyllum
delesserioides has a lanceolate blade with a midrib,
filamentous medulla, and specialized papillae on the blade
where reproductive structures develop (Kylin 1956), while
K. oblongifructa has a foliose blade, filamentous medulla
that also contains stellate-shaped, light-refracting cells and
lacks specialized papillae (Hansen 1997). There are,
however, reproductive characters that suggest a closer
relationship — both are monocarpogonial and nonprocar-
pic, and after fertilization the fusion cell is formed from
only the supporting cell and subsidiary cells (Norris 1957;
Perestenko 1975). The morphology of B. wynnei is different
from both E. delesserioides and K. oblongifructa because
it has a foliose blade and compact medulla of round
clear cells and small-celled filaments. Unfortunately, all of
our specimens are vegetative. However, our phylogenetic
analyses indicate that these are closely related species with
divergent morphologies that will require taxonomic reas-
sessment following a comprehensive sampling of the
remaining species within these genera as well as other
kallymeniacean genera that may fall into this cluster.

Taxonomic results and discussion

The advent of molecular assisted alpha taxonomy and
large-scale survey studies (e.g. Saunders 2008; Clarkston &
Saunders 2010; Le Gall et al. 2010; Saunders & McDonald
2010) is quickly leading to a large number of genetically
resolved species that require comparison to existing species
concepts. Currently, the most reliable method for compar-
ing type specimens to genetic species is via morphological
and anatomical examinations. These examinations can be
time consuming, require taxonomic expertise, and may not
even be possible in some cases (e.g. specimen is degraded).
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1

(Pugetia firma) Salishia sanguinea

Kallymeniopsis oblongifructa

(Pugetia firma) Beringia wynnei

=—0.01 substitutions/site

(Pugetia chilensis) Salishia chilensis

Salishia firma (Pugetia firma)

Pugetia fragilissima

ugetia cryptica (Pugetia fragilissima)

allophyllis laciniata

rythrophyllum delesserioides

2 Intraspecific divergence Interspecific divergence to nearest
(%): neighbour (%):
Species Marker Highest Mean Lowest Mean
Salishia chilensis COI-5P (n=1) = - 2.47 (to S. firma) 2.52
(Pugetia chilensis) ITS - = - -
UPA = = - -
Salishia firma COI-5P (n=86) 0.31 0.02 6.75 (to S. sanguinea) 7.15
(Pugetia firma) ITS (n=3) 0.15 0.10 19.6 19.9
UPA (n=12) 0 0 1.09 1.09
Salishia sanguinea COI-5P (n=51) 0.31 0.03 6.75 7.15
(Pugetia firma) ITS (n=6) 0.14 0.08 19.6 19.9
UPA (n=9) 0 0 1.09 1.09
Pugetia fragilissima COI-5P (n=83) 0.33 0.09 1.39 1.58
(P. fragilissima) ITS (n=4) 0.45 0.20 1.83 2.01
UPA (n=11) 0 0 0.54 0.54
Pugetia cryptica COI-5P (n=14) 0.33 0.07 1.39 1.58
(Pugetia fragilissima) ITS (n=4) 0.36 0.18 1.83 2.01
UPA (n=7) 0 0 0.54 0.54
Beringia wynnei COI-5P (n=17) 0.62 0.15 7.70 7.94
(Pugetia firma) ITS (n=2) 0.15 - 4.60 4.68
UPA (n=9) 0 0 1.08 1.08
Erythrophyllum COI-5P (n=15) 0.62 0.16 7.70 7.94
delesserioides ITS (n=2) 0.31 0.31 3.06 3.26
UPA (n=12) 0.27 0.14 1.89 2.00
Kallymeniopsis COI-5P (n=22) 0.77 0.24 8.06 8.52
oblongifructa ITS (n=2) 0 - 3.06 3.26
UPA (n=10) 0 - 1.08 1.08
Callophyllis laciniata  COI-5P (n=1) - = 10.85 10.92
ITS (n=1) - - 22.87 23.25
UPA - - - -

Figs 1, 2. Cryptic and overlooked diversity within the Canadian Kallymeniaceae revealed using the DNA barcode (COI-5P).
Fig. 1. Genetic species groups displayed as an unrooted phylogram inferred from the DNA barcode sequences.
Fig. 2. Intra- and interspecific divergence values (%) for each species group and molecular marker used in this study [COI-5P, the internal
transcribed spacer of the ribosomal cistron (ITS), and the universal plastid amplicon (UPA)]. Where taxonomic changes are proposed,
names in parentheses indicate the name assigned to each species group in the field using a taxonomic key, and names in bold indicate the
taxonomic revisions made during this study. Salishia firma is compared to S. chilensis, its closest neighbour for COI-5P, and, because of

missing data, to S. sanguinea for all three of the markers tested.

Genetic comparisons between type material and contem-
porary collections would be ideal, and the acquisition of
viable DNA sequences from older herbarium specimens
has been reported (Hughey et al. 2001; Gabrielson 2008).

However, a recent study concluded that the likelihood of
successful amplification of (the correct) DNA from
archival collections decreases as the age of the collection
increases and that cross-contamination is a constant and
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Figs 3, 4. Inclusion of the newly-determined species groups in phylogenetic analyses of representative Kallymeniaceae.
Fig. 3. Phylogram inferred by Bayesian analyses of LSU data (letters denote support values listed below phylogram).
Fig. 4. Phylogram inferred from a combined data set including LSU and COI-5P. Support values are listed for both phylogenies as
Bayesian posterior probabilities and bootstrap and aLRT values for maximum likelihood analyses, respectively. Asterisks denote nodes
that are strongly supported (posterior probability = 100%, bootstrap = 95% and aLRT values = 0.95) in all analyses.

serious concern (Saunders & McDevit, in press). We
believe that for situations in which a species concept (type)
cannot be applied unequivocally to one species among a
cryptic complex, the best solution for incorporating
historical information from type collections into modern
species concepts is to designate an epitype from contem-
porary collections for which genetic data are available. In
light of our molecular results, we combine detailed
anatomical observations, information related to biogeog-
raphy and ecology and the judicious use of epitypes to
provide our best appraisal of species diversity and
distribution for the genus Pugetia emphasizing the
northeastern Pacific. This is acknowledged as only an
interim step forward; the taxonomic status of many of the
species will remain in question until new collections are
made from the type localities that can be genetically
compared to other species.

Pugetia Kylin 1925, p. 31, fig. 14

REVISED DESCRIPTION: Thallus flat, thin, delicate, roughly
orbicular in shape or slightly wider than tall, typically

with ruffled or sinuate margins, sometimes with holes
(ontogenetic?). Blades erupt abruptly from a small (< 1 mm)
discoid holdfast or a short stipe. Medulla of relatively large
round to oval, unpigmented cells interspersed with filaments
of small, round to elongate, pigmented cells. Cortex two to
three layers. Monocarpogonial and nonprocarpic. Carpogo-
nial branch cells circular to slightly lobed.

Tetrasporophytes isomorphic relative to the gameto-
phytes, with cruciately divided tetrasporangia scattered
throughout the cortex.

TYPE SPECIES: Pugetia fragilissima Kylin.

COMMENTS: Morphological examination of the Pugetia
and Salishia species revealed distinct differences between
the two groups. Pugetia fragilissima and P. cryptica had
thin, delicate thalli; were nonprocarpic, with round, oval or
slightly lobed carpogonial branch cells; and produced small
cystocarps, while S. firma, S. sanguinea and S. chilensis had
thicker, more robust thalli (but see below regarding S.
chilensis); were procarpic, with carpogonial branches with
highly lobed supporting, subsidiary and first branch cells;
and produced large cystocarps.
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In describing the genus Pugetia, Kylin (1925) did not
discuss postfertilization development except to note that
‘the development [of the procarp and gonimoblast] comes
very near that one in Callophyllis (Kylin 1925). Kylin
(1941) subsequently described S. firma (as P. ﬁ'r/77.a),
delimiting it from his earlier-described P. fragilissima using
vegetativg features — S. firma having smaller blades, more
cortical cells layers, and an overall thicker and more robust
thallus — with no discussion of differences in postfertiliza-
tion development between the two species.

Norris (1957) emphasized female reproductive characters
to distinguish Pugetia and Callophyllis, and he believed that
S. firma (as P. firma) was more similar to species of
Callophyllis than to P. fragilissima with regards to the
structure of the female reproductive system (i.e. the
carpogonial branch and auxiliary cell systems) and in the
postfertilization development of the cystocarp. In both
Callophyllis and S. firma, the auxilary cell is part of the
same carpogonial branch as the fertilized carpogonium
(procarpic), while in P. fragilissima the auxiliary cell is the
supporting cell of a separate carpogonial branch system
(nonprocarpic) (Norris 1957). Immediate postfertilization
in Callophyllis and S. firma reportedly involves the transfer
of the diploid nucleus to the first cell of the carpogonial
branch, and a fusion cell forms from the first branch cell,
supporting cell, and any subsidiary cells (Norris 1957). The
gonimoblasts develop directly from the fusion cell. The
lobes of the enlarged fusion cell cut off cells at the tips (the
first gonimoblast cells) that divide or greatly enlarge and
eventually produce carposporangial mother cells. Immedi-
ate postfertilization in P. fragilissima is presumed to involve
the transfer of the diploid nucleus from the carpogonium to
the supporting cell, which enlarges and produces lobed
protuberances that give rise to long, nonseptate connecting
filaments (Norris 1957). The connecting filaments grow
through the medulla and reportedly connect with auxiliary
cells, which then enlarge and produce lobes from which
septate gonimoblast filaments are produced. The gonimo-
blast filaments produce many short branches whose
terminal cells repeatedly divide to produce clusters of cells
that either develop directly into carposporangia or further
divide and ultimately develop carposporangia. Based
on his observations of female reproductive characters and
postfertilization development, Norris concluded that S.

Jirma was more appropriately placed in the genus

Callophyllis than Pugetia, and he subsequently made the
combination Callophyllis firma (Kylin) R.E. Norris (= S.

firma).

We observed structures in P. fragilissima (presented
below) consistent with what Norris (1957, p. 270, fig. 4C)
diagrammed as the fusion cell producing connecting
filaments and the auxiliary cell system producing septate
gonimoblasts (Norris 1957, p. 271, fig. 5C), which supports
Norris’s interpretation that P. fragilissima is nonprocarpic.
We observed many postfertilization structures in S. firma
and S. sanguinea but saw no evidence that they are
nonprocarpic, consistent with Norris’s interpretation that
S. firma is procarpic. In emphasizing vegetative attributes,
Kylin (1941) was correct in associating S. firma with
Pugetia rather than Callophyllis, while Norris (1957), in
emphasizing reproductive attributes, clearly established

that an alliance with Pugetia was inappropriate. Here we
combine the previous incongruency with molecular analyses
to propose a third taxonomic hypothesis.

Harper & Saunders (2002) included the first molec-
ular data for S. firma (as C. firma) in a phylogeny of
representative Kallymeniaceae using LSU sequences. They
found that S. firma grouped with P. fragilissima and not
with Callophyllis and accordingly transferred S. firma back
to Pugetia. However, they also noted that S. firma was
quite divergent from P. fragilissima, perhaps enough to
justify a new genus to accommodate it, but they retained S,
Jirma within Pugetia pending a larger molecular study of
the genus and anatomical assessment of the included
species. Here we provide such an assessment and conclude
that strong molecular and morphological differences justify
the removal of S. firma, S. sanguinea and S. chilensis from
Pugetia and which also argue against their transfer to
Callophyllis. As such, the new genus Salishia is proposed
below, leaving only P. fragilissima, P. cryptica, P. japonica,
P. kylinii, P. delicatissima, P. latiloba, P. porphyroidea, P.
harveyana and P. mexicana in the genus Pugetia.

Pugetia firagilissima Kylin 1925, p. 31, fig. 14
Figs 5-10

HOLOTYPE: Kylin, 1924 (LD 090095; cystocarpic; Figs 5,
6).

TYPE LOCALITY: Peavine Pass, Canoe Is., Friday Harbor,
Washington State, USA, dredged (30-60 ft).

EPITYPE: B. Clarkston, G.W. Saunders & D. McDevit,
June 27, 2006 (UNB GWS004559; cystocarpic) (Figs 9, 10),
Satellite Passage Reef (lat. 48°51’43.2", long. 125°10'37.2"),
Bamfield, British Columbia, Canada, subtidal (40 ft), on
hard animals and corallines. A morphological examination
of the P. fragilissima holotype (LD 090095; Figs 5, 6)
revealed it to be nearly indistinguishable morphologically
from either of our species groups; therefore, we assign the
holotype to the one which is the best match in blade
thickness, medullary cell size and habitat and which is also
the most commonly collected of the two groups.

CONFIRMED DISTRIBUTION: Thus far known with certainty
to be widely distributed only throughout British Columbia
at the Haida Gwaii Islands, Prince Rupert and Vancouver
Island (see Table 1), and, if our taxonomic conclusions are
correct, the type locality at nearby San Juan Islands,
Washington State, USA.

EPITYPE DNA BARCODE: JF903314.
REPRESENTATIVE DNA BARCODES: See Table 1.

REFERENCES: Kylin (1925), Doty (1947), Norris (1957),
Hollenberg & Abbott (1966), Lindstrom (1977), Scagel
et al. (1989), Hansen (1997), and Harper & Saunders (2002).
It is important to acknowledge that these references (other
than the type description) could apply to P. fragilissima
and/or P. cryptica and must be interpreted cautiously.

HABIT AND VEGETATIVE ANATOMY: All 83 P. fragilissima
specimens collected during this study were found in the
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Figs 5-10. Morphology and anatomy of Pugetia fragilissima Kylin.
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Fig. 7. Pressed voucher for GWS003267 (tetrasporophyte). Scale bar = centimeter ruler.

Fig. 8. Vegetative cross section showing large, unpi

igmented cells (arrow) interspersed with filaments of small, pigmented cells
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Fig. 10. Close-up of single, three-celled carpogonial

cp, carpogonium; 1, 2 indicate branch cells progressively distal to the supporting cell; sc, supporting cell;

(GWS004559). Scale bar = 10 um.

subtidal (15-50-ft depth) growing on either rock or
invertebrates such as polychaete worm tubes or barnacles.

Mature plants were up to 9 (14) cm in height and 9 cm in
width (Figs 5, 7, 9). Some blades were entire, others
laciniate (Fig. 5), the lacinae formed from tears in the
blade, some blades had lobes and/or circular holes.

Blades were 130250 um thick near the apex. The large med-
ullary cells were 28150 pm wide X 32-100 pm high, (Fig. 6).
The intercalating filaments were abundant in older regions and
less common in younger regions to the point of being difficult
to find (Fig. 8). The cortex contained an inner layer of
periclinal cells and one, rarely two, outer layers of round,
pigmented cells (4-9 um wide X 4-6 um high; Figs 6, 3).

REPRODUCTIVE ANATOMY: Carpogonial branches were
typical for the genus (Fig. 10). Mature cystocarps varied
in size [190-490 (1040) um, mean = 320 pum] and had a

branch attached to a supporting cell with two detached subsidiary cells (t, trichogyne;

sub, subsidiary cell)

single ostiole. Tetrasporangia were 10-17.5 um wide ><
12.5-30 um high (Fig. 8). Male gametophytes unreported in
this species.

COMMENTS: The two closely related ‘fragilissima’ species
groups were easily delimited in all of our genetic analyses
(Figs 1-4). However, the two species could not be
differentiated based on morphology alone except in blade
thickness and medullary cell size, but these differences are
not absolute, as only a few blades of either species could be
fully rehydrated and sectioned successfully.

Norris (1957) examined an isotype specimen of P.
fragilissima (UC 279582), as well as several collectiops fro_m
the type locality and from British Columbia to California,
and reported that carpogonial branch cells of P. fragilissima,
except the carpogonium, were multinucleate and that tw_o—
celled subsidiary cell branches and two carpogonial
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Figs 11-15. Morphology and anatomy of Pugetia cryptica Clarkston & G.W. Saunders sp. nov.
Fig. 11. Pressed voucher for GWS004125 (holotype; cystocarpic). Scale bar = centimeter ruler.
Fig. 12. Cross section showing large, unpigmented cells (concave arrowhead) interspersed with filaments of small, pigmented cells
(arrowheads) and location of carpogonial branch just below cortex and extending into the medulla (arrow) (GWS004125). Scale bar = 50 um.
Fig. 13. Squash mount showing a single, three-celled carpogonial branch attached to a supporting cell with a detached subsidiary cell (cp,
carpogonium; 1, 2 indicate branch cells progressively distal to the supporting cell; sc, supporting cell; sub, subsidiary cell) (GWS004125).

Scale bar = 10 um.

Fig. 14. Pressed voucher for GWS009089 (cystocarpic). Scale bar = centimeter ruler.
Fig. 15. Cross section showing a single, three-celled carpogonial branch attached to a supporting cell with one subsidiary cell

(abbreviations as for Fig. 13) (GWS009089). Scale bar = 10 um.

branches per supporting cell occurred occasionally in this
species. However, these reports should be followed with
caution in light of the cryptic diversity revealed in this study.

Pugetia cryptica Clarkston & G.W. Saunders sp. nov.

Figs 11-15

Plantae sub recessu aestuum vel interdum modice super
recessum aestuum crescentes. Thalli plani, plusminusve
orbiculares, delicati, marginibus integris vel laciniatis,
undulatis vel laevibus. Medulla constans e cellulis comparate
magnis (25-68 um latis X 23-48 um altis), rotundis vel
ovalibus, pellucidis et filamentis cellularum parvarum rotun-
darum vel elongatarum pigmentiferarum. Cortex e 2—3 stratis
cellularum parvarum pigmentiferarum constans. Monocarpo-
goniales. Cellulae ramorum carpogonialium rotundae. A P.
fragilissima sequentiis nucleotidorum COI-5P, ITS, UPA, et
LSU distinguendae.

Plants subtidal, occasionally lowest intertidal. Thalli flat,
roughly orbicular, and delicate, margins entire to laciniate,
ruffled or smooth. Medulla of relatively large (25-68 pm wide
X 23-48 um high), round to oval, clear cells with filaments of
small, round to elongate, pigmented cells. Cortex two to three
layers of small, pigmented cells. Monocarpogonial. Carpo-
gonial branch cells rounded. Distinguished from P. fragi-
lissima by COI-5P, ITS, UPA and LSU sequence data.

HOLOTYPE: B. Clarkston, G.W. Saunders, and D. McDevit,
18 June 2006 (UNB GWS004125; cystocarpic; Figs 11-13).

TYPE LOCALITY: Scotts Bay (lat. 48°50°6", long.
—125°8’45.6"), Bamfield, British Columbia, Canada, sub-
tidal (30 ft), on rock.

DISTRIBUTION: Throughout the Haida Gwaii Islands,
Vancouver Island and the Sunshine Coast in British
Columbia, Canada (see Table 1).
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srymoLoGY: Named for its cryptic habit relative to P.

_fmgi/issima.

HOLOTYPE DNA BARCODE: JF903308.
REPRESENTATIVE DNA BARCODES: See Table 1.

HABIT AND VEGETATIVE ANATOMY: The majority of P.
cryptica specimens (13) were collected in the subtidal (20—
65-ft depth), and two were collected intertidally at a site
that was unusual in that there were a number of typically
subtidal species present in the low intertidal. Most
specimens were growing on rock, a few were on polychaete
worm tubes.

Most mature plants were up to 5 cm in height and 5.5 cm
in width (Figs 11, 14), with one outlier that was 13 cm in
height and 19 cm in width (GWS004239; Table 1). Some
blades were entire, others were laciniate, the lacinae formed
from tears in the blade, and others had lobes.

Blades were 98—120 um thick near the apex. The large
medullary cells were 25-68 pum wide X 23-48 pm high
(Fig. 12). The intercalating filaments were abundant in
older regions and less common in younger regions to the
point of being difficult to find. The cortex contained an
inner layer of periclinal cells and one, rarely two, outer
layers of round, pigmented, smaller cells (3-9 pm long X 3-
6 um wide; Fig. 12).

REPRODUCTIVE ANATOMY: Carpogonial branches were
typical for the genus (Figs 12, 13, 15). Mature cystocarps
varied in size (170690 pm, mean = 290 um) and had a
single ostiole. No tetrasporophytes or male gametophytes
were observed in this study.

coMMENTS: This species was far less common in British
Columbia than P. fragilissima, at least from the locations
and seasons that sampling was conducted for this study (see
Table 1 for location and http://www.barcodinglife.org for
collection date), which could indicate a phenological
difference. Two of the P. cryptica specimens were found
in the lowest intertidal; whereas, all the P. fragilissima
specimens were collected in the subtidal below 15 ft,
suggesting these two species may have different habitat
ranges.

Pugetia latiloba (W.R. Taylor) R.E. Norris 1957, p. 216, fig.
6A, pl 32

Fig. 16

BASIONYM: Kallymenia latiloba W .R. Taylor 1945, p. 216,
fig. 1, pl 71.

HoLoTyPE: W.R. Taylor, 31 January 1934 (UC 1884384;
cystocarpic). Taylor labeled at least three presses with the
collection number 34-417, one of which was sent to AHFH
and the others to MICH (Taylor 1945). There has been
some confusion regarding which press should be considered
the holotype for this species because there are multiple
collections, and Taylor included a photograph of an isotype
(MICH 1306499) in his manuscript (Taylor 1945). Howev-
er, Taylor (1945, p. vi) specifically designated the collec-
tions sent to AHFH (AHFHI108) as the ‘technical types’
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(= holotypes) for his newly described species, and there is
only one press of P. latiloba housed at AHFH (now at UC);
therefore, it is the holotype.

TYPE LOCALITY: Gardner Bay, I. Espanola, (Hood Island),
Galapagos Is., Ecuador, dredged (37-55 m).

DISTRIBUTION: as Kallymenia latiloba W .R. Taylor: Gala-
pagos Islands (Taylor, 1945).

REFERENCES: Taylor (1945) (as K. latiloba) and Norris
(1957) (as P. latiloba).

HABIT AND VEGETATIVE ANATOMY: We examined and
sectioned one isotype (MICH 1309830; cystocarpic;
Fig. 16) and also superficially examined another (MICH
1306499; cystocarpic). The thalli were flat and divided into
two to three cuneate main segments that were bluntly lobed
at the margins and substantially narrowed (to 5-8 mm
wide) near the small holdfast. The isotypes examined were
10-12 cm in height, and Taylor (1945) reported mature
plants up to 15 cm high and 25 cm wide. The blades were
reported to be 200-300 pum thick (Taylor 1945). We
observed a sparsely filled medulla of elongate, irregularly
shaped cells; however, this was likely an artifact of poor
rehydration, which made intact sections difficult to obtain.
Taylor (1945) reported a distinctly thick cuticle for this
species, which we did not observe.

REPRODUCTIVE ANATOMY: We did not observe any intact
female reproductive structures. Norris (1957) described this
species as polycarpogonial, with three to six carpogonial
branches produced per supporting cell, and nonprocarpic in
postfertilization development. Mature cystocarps were
large (1-2 mm) with large ostioles (Taylor 1945). Taylor
(1945) reported tetrasporangia as 21-25 um wide X 28—
32 um high. Male gametophytes unreported in this species.

COMMENTS: Taylor (1945) described Kallymenia latiloba
from subtidal (18-55 m) collections made from several sites
on the Galapagos Islands. He reported the medulla as ‘a
very sparse, loose arachnoid tissue ... with delicate,
somewhat refractive fibers’ and accordingly placed the
species in Kallymenia. Norris (1957) examined an isotype
(UC 694841) and reported an internal anatomy more
typical of Pugetia. He subsequently made the new
combination Pugetia latiloba (Taylor) R.E. Norris. Based
on our limited morphological examination of the type
material, we concluded that none of our species groups
were a match to P. latiloba.

In an effort to determine whether P. latiloba should be
assigned to Pugetia or Salishia, we noted that P. latiloba is
nonprocarpic, like Pugetia. The auxiliary system cells,
which Norris (1957, p. 274, fig. 6A) reported as identical in
form to the carpogonial branch cells, are rounded to
slightly oval in shape, similar to Pugetia. However, the
blades we examined were bluntly lobed at the margins and
not ruffled, which is more consistent with Salishia.
Additionally, the report by Norris (1957) that P. latiloba
is a polycarpogonial species is unusual for both Pugetia and
Salishia. Until fresh collections of this species are examined
morphologically and included in molecular analyses, we
tentatively retain this species in Pugetia.
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tia kylinii Baardseth 1941, p. 63, figs. 29C, 31
Figs 17, 18

Puge

16 17

SYNTYPE LOCALITIES: Sandy Point (st. 40), Tristan da
‘Cunha [sland; Landing (st. 117), Nightingale Island; South
ICOKS[ (st. 86), Middle Island; Blenden Hall (st. 140, 142,
;150) South Point (st. 156), Inaccessible Island, Tristan da

Cunha.

DISTRIBUTION: Tristan da Cunha (Baardseth, 1941).

REFERENCES: Baardseth (1941) and Norris (1957).

AND VEGETATIVE ANATOMY: Baardseth (1941) de-
vlinii from several collections made around the
Atlantic islands of Tristan da Cunha, at depths of 9-24 ft.
We examined an isotype (BM 000530325; vegetative;
Figs 17. 18) from Inaccessible Island, which included three
ISlants, each epiphytic on terete algae and from a depth of
15-24 ft. The blades were small (0.5-1.5 cm; Fig. 17),
lfoughly orbicular in shape and expanded immediately from
mall discoid holdfast. The blades had previously been
IStained with safranin and could not be restained with
‘aniline blue, and they rehydrated poorly, which made intact
sections difficult to obtain. Baardseth (1941) reported the
‘blades were 150 um thick. We observed a medulla with a
Joose arrangement of elongate filaments (Fig. 18) and very
few large round cells. Though Baardseth did not state it, his
“diagrams (1941, p. 64, fig. 31A, C) show a medulla less
“densely filled with cells compared to other Pugetia species,
“which we also observed.

HABIT
Nseribed 7. k

|as

REPRODUCTIVE ANATOMY: Carpogonial branches were
Sreported to be typically three celled, but on occasion can
“be four or five celled, with branch cells rounded, as in
‘Pugetia (Baardseth 1941). The tetrasporangia and sperma-
" tangia were both reported to be scattered throughout the
‘cortex (Baardseth 1941).

~ comMENTS: This species has not been reported since it was
‘described, and the characters used to distinguish it are
“questionable. Baardseth (1941) stated that P. kylinii
“differed from P. fragilissima and S. chilensis (as P. chilensis)
“in the irregular arrangement of the large, unpigmented

(I

yf £ ‘medullary cells; whereas, the latter two species had ‘more or

Erl§§ less regularly arranged series of these cells’. We observed

i g .the layers of large medullary cells in both P. fragilissima
and S chilensis to be irregularly arranged, with an

o
i :
|- g
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Figs 16-24. Morphology and anatomy of additional Pugetia species examined in this study.

Fig. 16. Isotype of Pugetia latiloba (W.R. Taylor) R.E. Norris (MICH 1309830; cystocarpic). Scale bar = 2 cm.
Fig. 17. Isotype of Pugetia kylinii Baardseth (BM 000530325; vegetative). Scale bar = 2 cm.

Fig. 18. Vegetative cross section of P. kylinii showing sparse medulla containing filaments of distinctly elongate cells (arrowhead) (BM
000530325). Scale bar = 50 um. |
Fig. 19. Holotype of Pugetia japonica Kylin (LD 090348; cystocarpic). Scale bar = 2 cm.
Fig. 20. Close-up of distinctive, stellate appearance of smaller, highly pit-connected medullary cells in P. japonica (LD 090348). Scale bar

“oceasional few cells from different layers appearing, by
':chancc, to be in a regular series, and we posit that this is not
,a useful taxonomic character. In addition, the report of
“four- and five-celled carpogonial branches is atypical for
ithe family Kallymeniaceae. This species did not match any
“Of th.c species groups determined in this study and clearly
Tequires further investigation based on fresh collections to
* Clarify its taxonomic status.

= 10 um.

Fig. 21. Type specimen of Pugetia delicatissima R.E. Norris (UC 513609; cystocarpic). Scale bar = centimeter ruler. :
Fig. 22. Type specimen of Pugetia porphyroidea (F. Schmitz ex Holmes) R.E. Norris (BM 000530348; cystocarpic). Scale bar = 2 cmy
Fig. 23. Squash mount of P. porphyroidea showing a three-celled carpogonial branch detached from a round supporting cell and
subsidiary cell (cp, carpogonium; 1, 2 indicate branch cells progressively distal to the supporting cell; sc, supporting cell; sub, subsidiary
cell) (BM 000530348). Scale bar = 10 pum.

Fig. 24. Lectotype of Pugetia harveyana (J. Agardh) R.E. Norris (LD 090097; tetrasporophyte). Scale bar = 2 cm.

Pugetia japonica Kylin 1941, p. 16
Figs 19, 20

- SYNONYM: Callophyllis okamurae P.C. Silva 1987, p. 32.
HOLOTYPE: K. Okamura (LD 090348; cystocarpic; Figs 19, 20).
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TYPE LOCALITY: Chiba Prefecture, Japan.

DISTRIBUTION: As Callophyllis okamurae P.C. Silva: Japan
(Yoshida et al. 1990; Yoshida 1998); Philippines (Silva et al.
1987; Yoshida et al. 1990; Yoshida 1998).

REFERENCES: Okamura (1899), Okamura (1900) [as Cal-
lophyllis (Microcoelia) chilensis], Howe (1914) (as Callo-
phyllis  chilensis), Kylin (1941), Norris (1957) (as P.

Jjaponica), Silva et al. (1987), Yoshida et al. (1990), and

Yoshida (1998) (as Callophyllis okamurae).

HABIT AND VEGETATIVE ANATOMY: We examined the
holotype (LD 090348; Figs 19, 20), which was a flat, roughly
orbicular blade, divided into three main lobes that overlapped,
with several tears in the blade (ontogenetic?) and smooth to
slightly irregular margins (Fig. 19). There was a small holdfast
and no discernable stipe. The largest lobe measured 7.5 cm in
height from the holdfast. The medulla was atypical for
Pugetia, with relatively few large (70-420 um wide X 90—
320 um high), round, unpigmented cells, abundant filaments
of long, narrow cells, and an outer medulla of stellate
shaped, highly pit-connected cells that were also occasion-
ally observed in the inner medulla. The stellate appearance
of the outer medullary cells was distinctive (Fig. 20), and we
did not observe anything similar in other Pugetia species.
The cortex was composed of one to two inner layers of
round cells and two to three outer layers of pigmented
smaller cells (2-4 um wide X 3-5 pm high).

REPRODUCTIVE ANATOMY: We did not observe carpogonial
branches. Mature cystocarps were up to 1 mm in diameter
and protruded only slightly from the blade surface.
Tetrasporophytes and male gametophytes have not been
reported for this species.

COMMENTS: Howe (1914) first suggested that collection
No. 12 [Callophyllis (Microcoelia) chilensis] from Oka-
mura’s Algae Japonicae Exsiccatae (1899) might be a new
species, but he did not officially designate one. Kylin (1941)
examined Okamura’s No. 12 in the Agardh herbarium
(now LD 24893) and concluded it was a distinct species
related to S. chilensis (as P. chilensis) and designated a new
species, Pugetia japonica Kylin. Norris (1957) examined a
different collection of Okamura’s No. 12 (UC 688721) and
reported it was a young female gametophyte with a
reproductive system exactly like S. firma (as C. firma),
though he did not officially transfer P. japonica to
Callophyllis along with S. firma. Silva et al. (1987) later
transferred P. japonica to Callophyllis as C. okamurae P.C.
Silva because the epithet japonica was already in use (C.
Jjaponica Okamura).

We think it likely that the specimens examined by Kylin
and Norris belonged to two different species that had both
been identified by Okamura as Callophyllis (Microcoelia)
chilensis. Norris (1957) remarked that the specimen he
examined had similar reproductive organs and thallus
construction as S. firma, and he even speculated that the
specimen belonged in S. firma. The specimen examined by
Kylin from the Agardh Herbarium (the specimen he used in
describing P. japonica), which is also the specimen we
examined, had stellate-shaped cells in the outer medulla and
filaments of elongate, narrow cells in the inner medulla,
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which is highly distinctive from S. firma. We believe Norris
would have noted these features had they been present in the
specimen he examined. From our examination of the true
holotype, we concluded that P. japonica is a distinct species
of the Kallymeniaceae that did not match any of the species
groups resolved in our study. Without intact carpogonial
branches, we could not determine whether P. japonica is
better placed within Pugetia or Salishia, and so retain it
within the former until new collections become available.

Pugetia delicatissima R.E. Norris 1957, p. 273, fig. 6 B-J, pl
31

Fig. 21

TYPE: R.M. Laing, December 1933 (UC 513609; cysto-
carpic; Fig. 21).

TYPE LOCALITY: Gore Bay, Canterbury, New Zealand,
drift.

DISTRIBUTION: Australia and New Zealand (Chapman &
Parkinson 1974, Adams 1994); Antarctic and the sub-
Antarctic islands (Ricker 1987).

REFERENCES: Norris (1957), Chapman & Parkinson
(1974) and Ricker (1987).

HABIT AND VEGETATIVE ANATOMY: Norris (1957) described
P. delicatissima from drift collections made by R.M. Laing
from Gore Bay, New Zealand. We examined the type
specimen (UC 513609; Fig. 21), which was a single blade on
a press that contained dozens of blades, all epiphytic on
other algae or seagrass (Fig. 21). The blade was flat, cuneate
to obcordate with a short (I mm) narrow stipe. Mature
plants were to 12 cm in height and 7 cm in width (Norris
1957). Blades were extremely thin and delicate and reported
to be 95-150 um thick (Norris 1957). Intact sections were
difficult to obtain, as the blade virtually disintegrated upon
rehydration. Norris (1957) reported the medulla as com-
posed of very large cells sparsely interspersed with
anastomosing filaments of cells. The cortex was composed
of one to two layers of small, pigmented cells.

REPRODUCTIVE ANATOMY: Norris (1957) reported that this
species is monocarpogonial and nonprocarpic. The auxil-
iary cell is the supporting cell of a separate branch system
that looks similar to a carpogonial branch system but has
only the supporting cell and subsidiary cells. Norris
considered that the lack of complete carpogonial branches
in the auxiliary cell system of P. delicatissima was different
from P. fragilissima, where the auxiliary cell systems are
identical in form to the carpogonial branches. We observed
several potential auxiliary cell systems that lacked carpo-
gonia and closely resembled what Norris diagramed (1957,
p. 274, fig. 6F). We also observed fusion cells that closely
resembled the fusion cell Norris diagramed for this species
(1957, p. 274, fig. 6C). Tetrasporophytes and male
gametophytes have not been reported for this species.

COMMENTS: The collections of P. delicatissima made by
Laing were originally identified by Setchell as Kallymenia
berggrenii J. Agardh (Norris 1957). Norris (1957) later
designated Laing’s collections as a new species, P.

delicatissima R_.E. Norris, which he placed in Pugetia based
on the presence of large clear cells in the medulla and a
single carpogonial branch per supporting cell.

From our morphological observations alone, we were
unable to determine if either of our ‘P. fragilissima’ species
groups matched P. delicatissima. However, unpublished
molecular data indicate that P. delicatissima sensu Norris is
in fact three species, none of which groups with P.
fragilissima (R. D’Archino, personal communication). This
species complex is thus not related to our Pugetia Spp.
discussed herein and is in need of taxonomic revision.

Pugetia porphyroidea (F. Schmitz ex Holmes) R.E. Norris
1964, pp. 113, 115-119, figs 3745, pls 7, 8
Figs 22, 23

BASIONYM: Glaphyrymenia Schmitz ex

Holmes 1894, p. 338.

porphyroidea

HOLOTYPE: H. Becker (BM 000530348; cystocarpic;
Figs 22, 23).

TYPE LOCALITY: Cape of Good Hope, South Africa.
DISTRIBUTION: South Africa (Silva et al. 1996).

REFERENCES: Holmes (1894), Delf (1921), Stephenson
(1947) (as G. porphyroidea), Norris (1964), Seagrief (1988)
and Silva et al. (1996) (as P. porphyroidea).

HABIT AND VEGETATIVE ANATOMY: We examined the
holotype (BM 000530348; Figs 22, 23), which consisted of
two blades from a single holdfast, both roughly oval, with
entire to ruffled margins (Fig. 22). Norris (1964) reported a
short stipe (< 4 mm) and small, membranous holdfast.
Mature specimens are reportedly up to 25 cm long and
21 cm wide and usually epiphytic on other algae (Norris
1964). We were unable to obtain intact sections of the
holotype due to degradation of the specimen. Norris (1964)
reported a medulla typical of Pugetia, with the large cells
165 um wide X 30 pm high and a cortex of one to two layers
of pigmented cells, the outer cells smaller.

REPRODUCTIVE ANATOMY: Carpogonial branches were
similar to P. fragilissima (Fig. 23). Mature cystocarps were
reportedly variable in size, the largest up to 1 mm in
diameter (Norris 1964). The tetrasporangia were reported
as relatively small (12 pm wide X 19 um high) for the genus,
with the tetrasporangial mother cells often produced by
medullary cells instead of the inner cortical cells as is typical
for other kallymeniacean species (Norris 1964). Male
gametophytes have not been reported for this species.

COMMENTS: Holmes (1894) described Glaphyrymenia por-
phyroidea F. Schmitz ex Holmes from specimens collected
from the Cape of Good Hope by H. Becker. Norris (1964)
examined photographs and a fragment of the holotype and
concluded the type matched fresh collections made by Pap-
enfuss and Pocock from Woodstock Beach, near the type
locality. He further reported the thallus structure and devel-
opment of G. porphyroidea differed from Glaphyrymenia
and more closely matched Pugetia, and, accordingly, he
transferred the species (Norris 1964). From our examina-
tion, we concluded that P. porphyroidea did not match any
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of our Species groups. The location of tetrasporangial
formation is atypical for the family; however, the round cells
of the carpogonial branch are similar to P. fragilissima.
Until molecular data are available for P. porphyroidea to
resolve its taxonomic status, we retain its position within the
senus Pugetia.

Pugetia harveyana (J. Agardh) R.E. Norris 1964, p. 119, figs
46-50, pl 9

Fig. 24
BASIONYM: Kallymenia harveyana J. Agardh 1844, p. 40.

SyNONYM: Euhymenia harveyana (J. Agardh) Kiitzing

1849, p. 743.
| ECTOTYPE: Harvey (LD 090097; tetrasporophyte; Fig. 24).
TvPE LOCALITY: Cape of Good Hope, South Africa.

DISTRIBUTION: As Kallymenia harveyana J. Agardh: Korea
(Lee 2008); as Pugetia harveyana (J. Agardh) R.E. Norris:
Namibia (Rull Lluch 2002; John et al. 2004); South Africa
(Stegenga et al. 1997).

REFERENCES: Agardh (1844) (as K. harveyana), De Toni
(1897), Kiitzing (1849, 1866) (as E. harveyana), Norris
(1964) (as P. harveyana), Stegenga et al. (1997), Rull Lluch
(2002) and John ez al. (2004) (as K. harveyana).

HABIT AND VEGETATIVE ANATOMY: We examined the
lectotype (LD 090097; Fig. 24).

The blade was large (15 cm high and 17.5 cm wide),
epiphytic on another red alga, and resembled P. fragilissima
in morphology (Fig. 24), The specimen did not rehydrate
well, making intact sections difficult to obtain. Norris
(1964) reported that the intercalating filaments of the
medulla were so dense they sometimes obscured the large
clear cells. The cortex was typical for the genus.

REPRODUCTIVE ANATOMY: Norris (1964) reported that this
species was monocarpogonial, and the supporting cell,
subsidiary cells, and first cell of the carpogonial branch
were elongate and lobed as in S. firma. He also reported
nonprocarpy for this species, with the auxiliary cell system
similar in form to the carpogonial branch system, and
mature cystocarps were 0.5-2 mm (Norris 1964). Tetra-
sporophytes had a thicker outer cortex of two to five cell
layers, compared to two or three layers in female and male
plants, with tetrasporangia 14-19 um wide X 25-30 um
high (Norris 1964). Male gametophytes were reported as
half the size of female gametophytes and tetrasporophytes,
and spermatangia developed from the outer cortex in
irregular sori that appeared as lighter patches on the blade
(Norris 1964).

COMMENTS: J. Agardh (1844) described Kallymenia har-
veyana J. Agardh based on collections made by Harvey from
the Cape of Good Hope, South Africa. Kiitzing (1849)
transferred K. harveyana to Euhymenia as E. harveyana (J.
\gardh) Kiitzing. Papenfuss later compared the lectotype of
K. harveyana to fresh collections from the Cape Province
region and concluded they were the same species (Norris
1964). Norris himself examined the Cape Province
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collections and, finding them similar to Pugetia, transferred
Kallymenia harveyana to Pugetia harveyana (J. Agardh)
R.E. Norris (he made no mention of Euhymenia harveyana).
The name Euhymenia is now considered to be a synonym of
Kallymenia (Schneider & Wynne 2007).

Based on the limited information we could obtain from
the tetrasporic lectotype of P. harveyana, we concluded that
this species was not a match to any of our species groups.
Additionally, we were unable to determine if P. harveyana is
more appropriately placed in Pugetia or Salishia or if it
requires transfer to a separate genus. The lobed cells of the
carpogonial branch system are similar to species of Salishia;
however, the nonprocarpic postfertilization development is
similar to species of Pugetia. Until molecular data become
available for this species, we conservatively retain it within
Pugetia.

Salishia Clarkston & G.W. Saunders, gen. nov.

Thallus comparate crassus, integer vel valde lobatus,
interdum perforatus (per ontogeniam?). Laminae haptero
parvo (~ 1 mm) eccentrico et interdum stipite brevi. Medulla
constans ¢ 1-4 stratis irregularibus cellularum magnarum
pellucidarum et filamentarum interspersarum e cellulis parvis
rotundis pigmentiferis constantium. Cortex e 2—4 (5) stratis
cellularum constans, cellulis interioribus rotundis vel pericli-
nalibus, cellulis exterioribus minoribus pigmentiferis, quo
magis anticlinalibus eo propioribus strato extimo. Mono-
carpogoniales procarpicae. Rami carpogoniales proxime sub
cortice locati, in medullam extendentes, per laminam dispersi.
Cellula sustinens, cellulae subsidiariae, et prima cellula
ramorum carpogonialium elongata valde lobata. Cystocarpia
matura per thallum dispersa, quaeque ostiolo singulo. Tetra-
sporangia cruciatim divisa, per corticem dispersa.

Thallus relatively thick, entire to highly lobed, sometimes
with holes (ontogenetic?). Blades with a small (~ 1 mm)
eccentric holdfast and occasionally a short stipe. Medulla of
one to four irregular layers of large clear cells interspersed
with filaments of small, round, pigmented cells. Cortex two
to four (five) cell layers, with the inner cells round to
periclinal and the outer cells smaller, pigmented and
progressively more anticlinal toward the outermost layer.
Monocarpogonial and procarpic. Carpogonial branches
situated just below the cortex and extend into the medulla
and scattered throughout the blade. Supporting cell,
subsidiary cells, and first cell of carpogonial branch elongate
and highly lobed. Mature cystocarps scattered throughout
the thallus and with a single ostiole each. Tetrasporangia
cruciately divided and scattered throughout the cortex.

TYPE SPECIES: Salishia firma (Kylin) Clarkston & G.W.
Saunders comb. nov.

ETYMOLOGY: Named for the Salish Sea in the eastern Pacific,
where members of this genus have been frequently collected.
Salishia firma (Kylin) Clarkston & G.W. Saunders
comb. nov.

Figs 25-3

(U8

BASIONYM: Pugetia firma Kylin 1941 (Californische Rho-
dophyceen). Acta Universitatis Lundensis 37(2): 15, pl 4, fig. 12.
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Figs 25-33. Morphology and anatomy of Salishia firma (Kylin) Clarkston & G.W. Saunders gen. & comb. nov.
Fig. 25. Pressed voucher for GWS004154 (cystocarpic) with possible ontogenetic holes (arrowhead). Scale bar = 2 cm.
Fig. 26. Cross section showing large, unpigmented cells interspersed with filaments of small, pigmented cells (arrowheads), and a
carpogonial branch at the medulla to cortex boundary (arrow) (GWS004154). Scale bar = 50 um.
Fig. 27. Pecled section showing a three-celled carpogonial branch attached to a lobed supporting cell, which also bore a two-celled
subsidiary cell branch (cp, carpogonium; 1, indicates probable first cell of the carpogonial branch (branch cells numbered progressively
distal to the supporting cell); 2, indicates second cell of the carpogonial branch; sc, supporting cell; sub, subsidiary cell) (GWS004154).
Scale bar = 10 um.
Fig. 28. Pressed voucher for LD 090094 (holotype; tetrasporic and cystocarpic) with possible ontogenetic holes (arrowhead). Scale bar =
2 cm.
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SYNONYM: Callophyllis firma (Kylin) Norris 1957, p. 287.

HOLOTYPE: Kylin, July, 1922 (LD 090094; tetrasporic and
cystocarpic; Figs 28, 29).

TYPE LOCALITY:  Pacific Grove, California, USA, from the
uppermost sublittoral.

REPRESENTATIVE SPECIMEN: GWS004154 (see Table 1

for collection site).
REPRESENTATIVE DNA BARCODE: JF903377.

CONFIRMED DISTRIBUTION: Thus far known with certainty
to be widely distributed only throughout the Haida Gwaii
Islands, Prince Rupert, Vancouver Island, and the Sunshine
Coast in British Columbia, Canada, and Pigeon Point,
California (near the type locality; see Table 1), suggesting a
wide distribution along the Pacific coast of North America.

REFERENCES: Kylin (1941), Norris (1957) (as Callophyllis

firma), Abbott & Hollenberg (1976), Scagel et al. (1989),

Stewart (1991), Lee & Kang (2001) and Harper & Saunders
(2002) (as P. firma). It is important to acknowledge that
these references (other than the type description) may not
apply to Salishia firma sensu stricto because of the cryptic
diversity uncovered here.

HABIT AND VEGETATIVE ANATOMY: Of the 87 S. firma
specimens collected during this study, the majority (74)
were found in the low intertidal, with the rest (13) collected
subtidally (832 ft) at one site in northern British Columbia
(Stenhouse Reef) and five sites on Vancouver Island [Otter
Point, Whiffen Spit, Dixon Is. and Tahsis (Island #37 and
Flower Islet)]. Specimens were found growing on rock or
occasionally on invertebrates.

The thalli were flat, robust, more or less circular in shape,
and irregularly lobed with the lobes often overtopping one
another and were usually procumbent (Figs 25, 30, 32).
Mature plants were up to 18 cm in height.

Blades were 105460 um thick near the apex. The large
medullary cells were 75-300 pm wide X 65-250 um high
(Figs 26, 29). The intercalating filaments were common
throughout the thalli, but were most abundant in older
regions. The cortex was composed of one inner layer and
one to three (three) outer layers of smaller cells (2-7 um
wide X 3-8 um high; Figs 26, 29, 31).

REPRODUCTIVE ANATOMY: Carpogonial branches were
typical for the genus (Figs 26, 27). Mature cystocarps were
540-1680 (2200) um, mean = 900 um. The tetrasporophytes
were essentially isomorphic relative to the gametophytes
(Figs 28, 30), with the tetrasporangia (10-17.5 um wide X
22.5-27.5 um high) slightly smaller than in S. sanguinea
(Fig. 31). Male gametophytes (Fig. 32) produced small,

colourless spermatangia (~ 2 wm) from spermatangial
mother cells in the outer cortex throughout younger regions
of the blade (Fig. 33).

COMMENTS: Salishia firma and S. sanguinea were easy to
distinguish at the genetic level (Figs 1-4); however, they
overlapped considerably in morphological characters. The
only observed morphological difference was in the thickness
of the outer cortex near the growing margin of the blade.
All S. firma specimens, including the holotype (LD 090094;
Figs. 28, 29), had mostly two, occasionally three, outer
cortical layers but never four, while some S. sanguinea
specimens had an outer cortex with mostly three and up to
four layers. This difference was not absolute, however, as
other S. sanguinea specimens (younger?) were observed with
outer cortices of mostly two and occasionally three layers.
The two species also differed somewhat in habitat — S. firma
was most often found in the low intertidal zone and rarely
in the subtidal (to 32 ft deep), while S. sanguinea was found
only in the subtidal zone below 20 ft. The holotype was
collected by Kylin (1941) in July from the ‘most upper part’
of the sublittoral, which we interpreted to mean Kylin
collected the holotype from at most a few feet below the
low-tide mark. We collected two specimens from the low
intertidal near the type locality in California (see Table 1)
that had the same COI-5P sequence as our predominantly
intertidal ‘firma’ species groups, and we assigned that
species group to S. firma because it matched the holotype in
cortical thickness, habitat and geography.

Salishia sanguinea (Montagne) Clarkston & G.W. Saunders
comb. nov.

Figs 34-41

BASIONYM: Kallymenia sanguinea Montagne 1852-1854
[Flora Chiliana. Plantas cellulares /n C. Gay, Historia
fisica y politica de Chile. Vol. 8. Paris & Santiago, pp. 1-256
(1852), 257-448 (1854)].

sYNONYMS: Callophyllis  sanguinea (Montagne) M.A.
Howe 1914, p. 118.
Pugetia sanguinea (Montagne) Kylin 1941: 15.

TYPE: M.ClL. Gay (PC 0097273; tetrasporic; Figs 37, 38).
TYPE LOCALITY: Southern coast of Chile.

REPRESENTATIVE SPECIMEN: GWS004152 (see Table 1 for
collection site).

REPRESENTATIVE DNA BARCODE: JF903420.

CONFIRMED DISTRIBUTION: Throughout the Haida Gwalii
Islands, Prince Rupert, and Vancouver Island in British

Fig. 29. Vegetative cross section showing large, unpigmented cells interspersed with filaments of small, pigmented cells (arrowheads) (LD

090094). Scale bar = 50 um.

Fig. 30. Pressed voucher for GWS001105 (tetrasporic) with possible ontogenetic holes (arrowhead). Scale bar = centimeter ruler.
Fig. 31. Cross section showing cruciately divided tetrasporangium in the cortex (GWS001105). Scale bar = 10 um.

Fig. 32. Pressed voucher for GWS006627 (male gametophyte). Scale bar = centimeter ruler.

Fig. 33. Outer cortical cell bearing spermatangia (arrowheads) (GWS006627). Scale bar = 5 pum.
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Figs 34-41. Morphology and anatomy of Salishia sanguinea Clarkston & G.W. Saunders comb. nov.
Fig. 34. Pressed voucher of GWS004152 (cystocarpic) with possible ontogenetic holes (arrowhead). Scale bar = 2 cm.
Fig. 35. Cross section showing large, unpigmented cells interspersed with filaments of small, pigmented cells (arrowhead) and location of
carpogonial branch at the medulla to cortex boundary (arrow) (GWS004152). Scale bar = 50 um.
Fig. 36. Peeled section showing a three-celled carpogonial branch attached to a lobed supporting cell, which also bore a one-celled
subsidiary cell branch and a two-celled subsidiary cell branch (out of focus) (cp, carpogonium; 1, indicates probable first cell of the
carpogonial branch (branch cells numbered progressively distal to the supporting cell); 2, indicates second cell of the carpogonial branch;
sc, supporting cell; sub, subsidiary cell) (GWS004152). Scale bar = 10 um.
Fig. 37. Pressed voucher of PC 0097273 (type specimen; tetrasporic) with possible ontogenetic holes (arrowhead). Scale bar = 2 cm.
Fig. 38. Vegetative cross section showing large, unpigmented cells interspersed with numerous filaments of small, pigmented cells
(arrowhead) and tetrasporangia embedded in the cortex (arrow) (PC 0097273). Scale bar = 50 um.

Columbia, Canada (See Table 1). If our taxonomic
conclusions are correct, there is a disjunct distribution with
this species occurring along the temperate Pacific coasts of
both North and South America.

REFERENCES: Montagne (1852-1854), De Toni (1897) (as
K. sanguinea), Howe (1914) (as Callophyllis sanguinea),
Kylin (1941) (as P. sanguinea), Norris (1957) (as C.
sanguinea) and Ramirez & Santelices (1991) (as P.
sanguinea). It is important to acknowledge that these
references (other than the type description) may not apply
to true Salishia sanguinea sensu stricto in light of the cryptic
diversity uncovered here.

[TABIT AND VEGETATIVE ANATOMY: The 51 specimens of S.
sanguinea collected during this study were all subtidal (20—
50 ft), growing on rock or occasionally invertebrates. We
also examined two isotype specimens (PC 0097273;
tetrasporic and 0097274; cystocarpic).

The thalli were flat, robust, more or less circular in shape,
often highly lobed with the lobes often overtopping one
another, typically procumbent, and occasionally blades had
holes that appeared to be ontogenetic in origin (Figs 34, 37,
39. 40). Mature plants were up to 16 cm in height.

Blades were 150—620 um thick near the apex. The large
medullary cells were 50-145 um wide X 55-135 um high
(Fig. 35). The intercalating filaments were common
throughout thalli but were most abundant in older regions.
The cortex was composed of one inner layer and one to
four outer layers of smaller cells (2-7 pm wide X 4-10 um
high; Fig. 35).

REPRODUCTIVE ANATOMY: Carpogonial branches were
typical for the genus (Figs 35, 36). We did not observe
any carpogonial branches on the S. sanguinea isotype;
however, Norris (1957) examined a Montagne  isotype
specimen (University of California Herbarium, no number
given) and reported the carpogonial branch cells were
lobed, similar to S. firma. Mature cystocarps were 435-2020
(2160) um, mean = 1220 pum. Tetrasporophytes were
isomorphic relative to the gametophytes (Fig. 37), with
the tetrasporangia 14-20 pm wide X 21-32.5 pum high
(Fig. 38). Male gametophytes (Fig. 39) produced small,
colourless spermatangia (~ 2 um) from spermatangial
mother cells in the outer cortex throughout younger regions
of the blade (Fig. 41).

COMMENTS: Howe (1914) examined two isotype specimens
of Callymenia sanguinea (= Salishia sanguinea) and
subsequently made the combination Callophyllis sanguinea
(Montagne) M.A. Howe because he believed the species
fell under the ‘Schmitzian conception of the limits of
the genus (Callophyllisy’. Howe also speculated whether
Microcoelia chilensis (= Salishia chilensis) should be
considered a synonym of S. sanguinea because of similar-
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ities in their internal vegetative anatomy. He concluded
that the cartilaginous thallus and thick, obvious walls of
the large medullar cells in S. sanguinea were sufficiently
different from S. chilensis to retain them as separate
species. When Kylin (1941) transferred S. chilensis (as
M. chilensis) to Pugetia, he briefly stated that S. sanguinea
was closely related to S. chilensis (as P. chilensis) and
accordingly transferred it also as Pugetia sanguinea
(Montagne) Kylin (= S. sanguinea). Norris (1957) subse-
quently concluded that characters of the female reproduc-
tive system were more similar to Callophyllis than Pugetia
and so transferred S. sanguinea (as P. sanguinea) back to
Callophyllis.

We conclude that the isotypes of Callymenia sanguinea
(= S. sanguinea) are morphologically and anatomically
similar to our second ‘firma’ species group, in par-
ticular with respect to the thicker outer cortex, and we pro-
visionally consider them the same species. Genetic analysis
of additional collections, especially from the type locality,
are necessary to test this association. In addition to
assigning our species group to this taxon, we transfer the
species to Salishia based on the robust thallus, lobed
carpogonial branch cells, procarpy (as reported by Norris
1957) and the association with S. firma in our molecular
analyses.

Salishia chilensis (J. Agardh) Clarkston & G.W. Saunders
comb. nov.

Figs 42-45

BASIONYM: Microcoelia chilensis J. Agardh 1876 (species
genera et ordines algarum, seu descriptiones succinctae
specierum, generum et ordinum. C.W.K. Gleerup, Leipzig,
p- 227).

SYNONYMS: Callophyllis chilensis (J. Agardh) Okamura
1942, p. 101.
Pugetia chilensis (J. Agardh) Kylin 1941, p. 15.

HOLOTYPE: Harvey (LD 090096; cystocarpic; Figs 42, 43).
TYPE LOCALITY: Bay of Concepcioén, Chile.

REPRESENTATIVE SPECIMEN: GWS000501 (see Table 1 for
collection site).

REPRESENTATIVE DNA BARCODE: JF903345.

DISTRIBUTION: As Pugetia chilensis (J. Agardh) Kylin:
Chile (see Table 1; Ramirez & Santelices 1991); Peru
(Acleto 1973; Ramirez & Santelices, 1991).

REFERENCES: Agardh (1876) (as M. chilensis), Schmitz &
Hauptfleisch (1896) (as Callophyllis chilensis), De Toni
(1897) (as M. chilensis], Okamura (1899) [as Callophyllis
(Microcoelia) chilensis], Howe (1914) (as C. chilensis), Kylin
(1941) (as P. chilensis), Norris (1957) (as C. chilensis),

Fig. 39. Pressed voucher of GWS004914 showing similar gross morphology to the holotype and possible ontogenetic holes (arrowhead).
Scale bar = centimeter ruler.
Fig. 40. Pressed voucher for GWS004248 (male gametophyte). Scale bar = centimeter ruler.

Fig. 41. Outer cortical cells bearing spermatangia (arrowheads) (GWS004248). Scale bar = 10 pm.
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Figs 42-45. Morphology and anatomy of Salishia chilensis (J. Agardh) Clarkston & G.W. Saunders comb. nov.
Fig. 42. Pressed voucher of Salishia chilensis (holotype; LD 090096; cystocarpic). Scale bar = 2 cm.

Fig. 43. Vegetative cross section (poorly rehydrated) showing large, unpigmented cells interspersed with filaments of small, pigmented

cells (arrowhead) (LD 090096). Scale bar = 50 um.

Fig. 44. Pressed voucher for putative immature collection of Salishia chilensis (GWS000501: vegetative). Scale bar = 2 cm.
Fig. 45. Vegetative cross section showing single outer cortical layer and lack of obvious intercalating filaments (GWS000501). Scale bar =

50 um.

Acleto (1973), Ramirez & Santelices (1991) and Harper &
Saunders (2002) (as P. chilensis).

HABIT AND VEGETATIVE ANATOMY: This species was
described by J. Agardh (1876) from Chilean collections
sent to him by Harvey. We examined the holotype (LD
090096; Figs 42, 43), which was large (~ 20 cm in
diameter), laciniate and with no obvious holdfast
(Fig. 42), as well as a recent collection, field identified as
P. chilensis (GWS000501; see Table 1; Figs 44, 45).

In the holotype, the medulla was composed of three to
four irregular layers of round and unpigmented cells, with
abundant filaments of small, round to elongate, pigmented
cells interspersed among the larger medullary cells (Fig. 43).
In contrast, our recent collection had two to three irregular
layers of round and unpigmented cells and no obvious
intercalating filaments (Fig. 45). The cortex of the holotype
was composed of two to four layers — an inner layer of
round cells and one to three outer layers of smaller,
somewhat anticlinal, pigmented cells (2-4 pm wide X 5-
7 um long) (Fig. 43), while our recent collection had an
inner layer of periclinal cells and a single outer layer of
round, pigmented cells. The holotype blade rehydrated
poorly; however, it was thicker (255 um) in cross section
than our fully rehydrated recent collection (153 pm;
Fig. 45). The recent collection contained three vegetative

blades that were small (2-4 cm) compared to the holotype

(~ 20 cm) and possibly represent immature plants of this
species.

REPRODUCTIVE ANATOMY: Carpogonial branches were
consistent with other Salishia species. Norris (1957)
reported this species as procarpic. Tetrasporophytes and
male gametophytes have not been reported for this species
and were not observed in this study.

COMMENTS: J. Agardh (1876) described Microcoelia chi-
lensis (= S. chilensis) as similar in general appearance to
Kallymenia but with an internal structure more like that of
Callophyllis. Schmitz & Hauptfleisch (1896) reduced
Microcoelia to synonymy under Callophyllis, arguing that
the vegetative characters used to separate the genera were
insufficiently distinctive (Norris, 1957). Okamura (1899)
identified (incorrectly; Kylin 1941) several Japanese collec-
tions as M. chilensis, but in following Schmitz and
Hauptfleisch’s synonymy, he labeled the collections as
Callophyllis (Microcoelia) chilensis (J. Agardh) Okamura.
Howe (1914) agreed with Schmitz and Hauptfleisch in
recognizing only Callophyllis (though he examined only a
photograph of J. Agardh’s holotype) and accordingly
assigned his Peruvian collections to Callophyllis chilensis
(J. Agardh) Okamura. As well, Howe pointed out that the
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Fies 46-51. Morphology and anatomy of Beringia wynnei Clarkston & G.W. Saunders sp. nov.
bFig. 46. Holotype (GWS004493; vegetative). Scale bar = centimeter ruler.

Fig. 47. Vegetative cross section at apex of plant showing medulla with many filaments of small, pigmented cells (arrowhead), among

e 1 sl i ipti i 04493). Scale bar = 100 pm.

relati ShF: diametric to elliptical unpigmented cells (GWS0 3). Sca ! ] ‘ _ .

E;ltzlgl}{lzgzgtil\slg cl;l:;seslelction at%ase of plant showing thick medulla that accounted for ¢. 90% of the blade thickness (GWS004493)
. 48. Veg

Scale bar = 100 um.

Figs 49-51. Pressed vouchers for GWS004495, GWS004783 and GWS004755, respectively, showing variation in blade morphology. Scale
i —51. s

bar = centimeter rulers.

name Microcoelia J. Agardh was a later homonym already
in use for an orchid genus and therefore illegitimate.

Kylin (1941) subsequently considered C. chilensis as best
assigned to his genus Pugetia and effected the transfer as P.
chilensis (J. Agardh) Kylin. In doing this, he explicitly
disagreed with Howe’s opinion that Microcoelia and
Callophyllis were too similar to maintain as separate genera
and reaffirmed the features that distinguished Pugetia from
Callophyllis, namely, an unbranched thallus and abundant
intercalary filaments in the medulla.

Norris (1957) examined an isotype of S. chilensis (as P.
chilensis; University of California Herbarium, no number
given) and, in emphasizing reproductive attributes (l.e.
procarpy and lobed carpogonial branch cells) rather than
Kylin’s vegetative features, transferred S. chilensis back to
Callophyllis.

Our collection of S. chilensis (GWS000501; from Ancud
Bay, Chile; Figs 44, 45), used by Harper & Saunders (2002)
and in our molecular analyses (Figs 3, 4), grouped closely
with S. firma, a relationship predicted by Kylin (1941.)4
However, in comparison to the holotype of Mlzc*rocoe/m
chilensis (= S. chilensis), our collection, containing three
small plants (Fig. 44), is anatomically different (see above).
It is possible that our plants were immature when

collected and would have resembled the holotype if they
were mature (cortical and medullary cell layers, as well as
the degree of intercalating filaments present, all increasing as
thalli mature). Alternatively, this collection could represent a
new and previously unknown species attributable to Salishia.
Without molecular data for the M. chilensis holotype, we
cannot conclusively link our collection to it, nor can we
positively conclude the two are different specigs. We
tentatively retain our collection as S. chi]ensis.untll suth
time that specimens from the type locality are included in
molecular analyses. Regardless of the resolution o_f the
species identity of our collection, we transfer jclie species to
Salishia based on morphological and anatomical attributes
of the holotype.

Beringia wynnei Clarkston & G.W. Saunders sp. nov.

Figs 46-51

Plantae sub recessu aestuum crescentes. Thallus 5—10 ¢cm
planus orbicularis, integer vel profunde fissus in 2f3 Segmeﬁta
primaria interdum imbricata, margine integro vel irregulariter
lobato. Hapteron eccentricum crustosum, stipes nullus.
Thallus prope apicem 280-310 wm, prope basin 680-770 pm
crassus. Medulla constans e cellulis rotundis non pigmentiferis
et filamentis circumcingentibus cellularum minorum rotun-
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darum vel elongatarum pallide pigmentiferarum. Cortex e 3—5
stratis cellularum parvarum pigmentiferarum constans.

Plants subtidal. Thallus 5-10 cm, flat, orbicular, entire or
deeply cleft to form two to three main segments, which can
overlap, margin smooth or irregularly lobed. Eccentric
crustose holdfast, no stipe. Thallus 280-310 pm thick near
apex, 680-770 um near base. Medulla of round, unpig-
mented cells surrounded by filaments of smaller, round to
elongate, weakly pigmented cells. Cortex consisting of three
to five layers of small, pigmented cells.

HOLOTYPE: B. Clarkston, G.W. Saunders, and D. McDevit,
June 27, 2006 (UNB GWS004493; vegetative; Figs 46-48).

TYPE LOCALITY: Seapool Rock (lat. 48°49'8.4", long.
—125°12'28.7994"), Bamfield, British Columbia, Canada,
subtidal (35 ft), on rock.

DISTRIBUTION: Vancouver Island and Prince Rupert,
British Columbia, Canada (see Table 1).

ETYMOLOGY: Named in honour of Dr Michael Wynne
(University of Michigan, Ann Arbor), whose studies have
greatly contributed to our knowledge of red algae.

HOLOTYPE DNA BARCODE: JF903287.
REPRESENTATIVE DNA BARCODES: See Table 1.

HABIT AND VEGETATIVE ANATOMY: The 17 collections of
this new species were all collected subtidally (30-50 ft) from
sites that experienced either high current and/or high wave
exposure. Blades were thick, flat and orbicular, typically
procumbent and 5-10 cm in height from holdfast to apex
(Figs 46, 49-51). The medulla accounted for c. 90% of the
blade thickness and was composed of many layers [four to
six or more in younger regions (Fig. 47), nine or more in
older regions (Fig. 48)] of round cells (42-198 um wide X
38-108 pum high) interspersed with branched filaments of
smaller cells (Figs 47, 48). The cortex was contained an
inner layer of round to periclinal, pigmented cells, and two
to four layers of round to weakly anticlinal, pigmented
smaller cells (34 pm wide X 5-6.5 um high; Fig. 47).

REPRODUCTIVE ANATOMY: None of the specimens were
reproductive.

COMMENTS: In attempting to assign our divergent ‘firma’
species group to a member of the Kallymeniaceae, we came
across the little-known monospecific genus Beringia Per-
estenko. Perestenko (1975) described the type species
Beringia castanea Perestenko as ‘brownish-red ... ring-
shaped, split into lobes ... with a medulla of ring-shaped,
isodiametric, star-shaped, and large oval cells; the second-
ary filaments formed of long narrow cells.” Our specimens
matched well with B. castanea in all aspects except for
lacking ‘star-shaped’ cells in the medulla. We were
unsuccessful in borrowing the holotype of B. castanea so
instead examined a representative specimen collected
subtidally (17 m) from the North Kurile Islands, Russia,
in 1989, identified by O.N. Selivanova and borrowed from
the University of Michigan Herbarium.

The blade was round, brown-red in colour and in overall
gross morphology was similar to both our collections and

the description of B. castanea. Anatomically, the plant was
relatively thin (125 pm) with a medulla loosely filled with
refractive cells, irregular to distinctly stellate in shape and
no large oval cells. The cortex was composed of one to two
layers of small, round, pigmented cells. The presence of
stellate cells in the medulla of this plant matched, in part,
with Perestenko’s description of B. castanea (Perestenko
1986). However, her description and her drawings (1986,
p- 280, pl X, figs 2-4) depict a medulla densely filled with
large oval cells and small-celled filaments in addition to the
refractive stellate cells, which were not present in the
specimen of B. castanea we examined. Upon closer
inspection of Perestenko’s drawings, we noted that no
stellate cells were present in the cross section of B. castanea
she presented, and the medulla was composed of only large
oval cells and small-celled filaments. The only figure
containing a stellate cell (1975, p. 280, pl X, fig. 5) was a
drawing of an individual cell that was not placed in context
within the medulla. It is possible that Perestenko examined
two different species with similar gross morphologies when
she described B. castaneca — one with a loose medulla
containing refractive stellate cells and one with densely
filled medulla of larger, oval cells and filaments of smaller,
irregularly round to elongate cells. If the specimen we
examined is a representative of ‘true’ Beringia castanea as
identified by an expert in the Russian marine flora, then the
medulla is properly described as loosely filled with irregular
to stellate shaped, refractive cells. We designate our
specimens as a new species within Beringia; however, this
taxonomic position is tenuous pending molecular analysis
of the type species.

Taxa of uncertain status and not assessed in this study

Hommersandia palmatifolia (Tokida) Perestenko ex O.N.
Selivanova & G.G. Zhigadlova 1997, p. 17

BASIONYM: Pugetia palmatifolia Tokida 1948, p. 37, figs
7-9.

TYPE LOCALITY: Higashisoya, Southern Saghalien, Japan
(now Russia).

HABIT AND VEGETATIVE ANATOMY: Blades to 14 cm in
height, with proliferous bladelets at the margins (Tokida
1948). The outer medulla is composed of round, unpig-
mented cells, with an inner medulla of filaments of thick,
vertically oriented cells (Tokida 1948).

COMMENTS: The current name for this species is Hommer-
sandia palmatifolia (Tokida) Perestenko ex O.N. Selivanova
& G.G. Zhigadlova (Perestenko 1986; Selivanova &
Zhigadlova 1997). However, the taxonomic position of H.
palmatifolia remains uncertain, as Gabrielson ez al. (2006)
have remarked that a critical examination of the holotype is
necessary to confirm its conspecificity with the generitype,
H. maximacarpa.

Pugetia mexicana E.Y. Dawson 1966, p. 62, pl 6, figs G, H
HOLOTYPE: E.Y. Dawson, 22 November 1964 (D. 26168).

TYPE LOCALITY: Isla San Loreno del Sur, Mexico, dredged
(19-30 m).

HABIT AND VEGETATIVE ANATOMY: Blades irregularly
shaped and deeply lobed, with mature specimens 4-6 cm
i1 height and a medulla of large vacuolate cells interspersed

with filaments of small cells (3 um diameter; Dawson 1966).

COMMENTS: Pugetia mexicand is known virtually only
from the type specimen; more collections and a thorough
examination using molecular data are necessary to deter-
mine its taxonomic placement.

GENERAL DISCUSSION: The advent of molecular assisted
alpha taxonomy and large-scale survey studies (e.g.
Saunders 2008; Le Gall et al. 2010; Clarkston & Saunders
2010; Saunders & McDonald 2010) is quickly leading to a
laree number of genetically resolved species that require
mgn)arison to existing species concepts. Currently, the
most reliable method for comparing type specimens to
senetic species is  via morphological and anatomical
examinations. These examinations can be time consuming,
require taxonomic expertise and may not even be possible
in some cases (e.g. specimen is degraded). Genetic
comparisons between type material and contemporary
collections would be ideal, and the acquisition of viable
DNA sequences from older herbarium specimens has been
reported (Hughey et al. 2001; Gabrielson 2008). However, a
recent study concluded that the likelihood of successful
amplification of (the correct) DNA from archival collec-
tions decreases as the age of the collection increases and
that cross-contamination is a constant and serious concern
(Saunders & McDevit, in press). We believe that for
situations in which a species concept (type) cannot be
applied unequivocally to one species among a cryptic
complex, the best solution for incorporating historical
information from type collections into modern species
concepts is to designate an epitype from contemporary
collections for which genetic data are available. For the
genus Pugetia, the taxonomic status of many of the species
will remain in question until new collections are made from
the type localities that can be genetically compared to other
species.

ACKNOWLEDGEMENTS

All of the collectors (S. Hamsher, K. Hind, H. Kucera,
C. Lane, J. Mortimer, D. McDevit, K. Roy, M. Spani,
S. Toews and R. Withall) are acknowledged for their help
with this project, as are K. Roy, D. McDevit, J.T. Harper,
N. Kang, T. Moore, B. Hermann and A. Johnson for
generating some of the sequence data. C. Schneider
provided advice on microscopy techniques. The following
people and institutions are thanked for their generous loans
of relevant specimens: B. de Reviers, Herbier Cryptogami-
que, Museum National D’Histoire Naturelle, Paris, France;
P. Lassen, Lund University Botanical Museum; P. Silva
and R. Moe, University Herbarium, University of Califor-
nia, Berkeley, USA; M. Wynne, Herbarium of the
University of Michigan, USA; and R. Huxley, Herbarium
of the Natural History Museum, London, UK. Mark
Garland provided the Latin diagnoses. Two anonymous
reviewers provided helpful comments on the manuscript.

Clarkston & Saunders: Molecular and morphological examination of Pugetia 59

We thank Dr. Norm Sloan for encouraging G.W.S. to
study the seaweeds of Haida Gwaii, as well as Parks
Canada and the Haida Nation, especially staff of the Gwaii
Haanas National Park Reserve and Haida Heritage Site,
for extensive support of our field studies in this unique
region. Particular appreciation is extended to C. Johnson
and D. Bartol — the guides while G.W.S. was in Gwaii
Haanas. Finally, the Bamfield Marine Sciences Centre and
Tahtsa Dive Charters in British Columbia are thanked for
hosting much of the field component of this research. This
research was supported through funding to G.W.S. from
the Canadian Barcode of Life Network from Genome
Canada through the Ontario Genomics Institute, Natural
Sciences and Engineering Research Council of Canada and
other sponsors listed at http://www.BOLNET.ca. Addi-
tional support to G.W.S. was provided by the Canada
Research Chair Program, as well as infrastructure support
from the Canada Foundation for Innovation and the New
Brunswick Innovation Foundation.

REFERENCES

ABBOTT I.A. & HOLLENBERG G.J. 1976. Marine algae of California.
Stanford University Press, Stanford, California. 827 pp., 701 figs.

AcLETO C.O. 1973. Las algas marinas del Pert. Boletin de la
Sociedad Peruana de Botanica 6: 1-164. )

Apams N.M. 1994. Seaweeds of New Zealand. An illustrated guide.
Canterbury University Press, Christchurch. 360 pp., 116 pls.

AGARDH J.G. 1844. In systemata algarum hodierna adversaria.
Berling, Lund. 56 pp.

AGARDH J.G. 1876. Species genera et ordines-algarum. C.W.K.
Gleerup, Leipzig. 724 pp.

BAARDSETH E. 1941. The marine algae of Tristan da Cunha.
Results of the Norwegian Scientific Expedition: to Tristan da
Cunha 1937-1938 9: 1-173.

CHAPMAN V.J. & PARKINSON P.G. 1974. Issue 3: Cryptonemiales.
In: The marine algae of New Zealand. Part III. Rhodophyceae
(Ed. by V.J. Chapman), pp. 155-278. J. Cramer, Lehre.

CLARKSTON B.E. & SAUNDERS G.W. 2010. A comparison of two
DNA barcode markers for species discrimination in the red algal
family Kallymeniaceae (Gigartinales, Florideophyceae), with a
description of Euthora timburtonii sp nov. Botany 88: 119-
131.

DawsoN E.Y. 1966. New records of marine algae from the Gulf of
California. Journal of the Arizona Academy of Science 4: 55-66, 6
figs.

D Toni G.B. 1897. Sylloge algarum omnium hucusque cognitarum
Vol IV. Florideae. Sumptibus auctoris, Padua, Italy. Sectio L
388 pp.

DELF E.M. & Mitchell M.R. 1921. The Tyson collection of marine
algae. Annals of the Bolus Herbarium 3: 89-119.

Doty M.S. 1947. The marine algae of Oregon Part II. Rhodo-
phyta. Farlowia 3: 159-215.

Fox C.H. & SwaNsON A.K. 2007. Nested PCR detection of
microscopic life-stages of laminarian macroalgae and compari-
son with adult forms along intertidal height gradients. Marine
Ecology Progress Series 332: 1-10.

GABRIELSON P.W. 2008. On the absence of previously reported
Japanese and Peruvian species of Prionitis (Halymeniaceae,
Rhodophyta) in the northeast Pacific. Phycological Research 56:
105-114.

GABRIELSON P.W., THOMAS B.W. & LinpsTROM S.C. 2006. Keys to
the Seaweeds and seagrasses of southeast Alaska, British
Columbia, Washington and Oregon. Phycological Contribution,
University of British Columbia 7: 1-209.




60  Phycologia, Vol. 51 (1), 2012

; g .. GIVERNAUD T., MOURADI A., VALERO
GKJII?L?“TI\)EISI;O/:‘A};;] (SZ..AZOOS. Molecular cha‘racte'risationA and
development of rapid molecular.methods to identify species Qf
Gracilariaceae from the Atlantic coast of Morocco. Aquatic

Botany 89: 324-330. )

GuUINDON S. & GascUEL O. 2003. A simple, fast, and accurate
algorithm to estimate large phylogenies by maximum likelihood.
Systematic Biology 52: 696-704.

HANSEN G. 1997. A revised checklist and preliminary assessment of the
macrobenthic marine algae and seagrasses of Oregon. In: Conserva-
tion and management of native flora and fungi (Ed. by T.N. Kaye,
A. Liston, R.M. Love, D.L. Luoma, R.J. Meinke & M.V.
Wilson), pp. 175-200. Native Plant Society of Oregon, Corvallis.

HANSEN G. & LINDSTROM S. 1984. A morphological study of
Hommersandia maximicarpa gen. et sp. nov. (Kallymeniaceae,
Rhodophyta) from the North Pacific. Journal of Phycology 20:
476-488.

HARPER J.T. & SAUNDERS G.W. 2001. Molecular systematics of the
Florideophyceae (Rhodophyta) using nuclear large and small
subunit rDNA sequence data. Journal of Phycology 37:
1073-1082.

HARPER J.T. & SAUNDERS G.W. 2002. Using molecular data to
resolve the taxonomic limits of the genera Callophyllis, Euthora
and Pugetia (Kallymeniaceae, Rhodophyta). Phycological Re-
search 50: 275-281.

HEBERT P.D.N., CYWINSKA A, BALL S.L. & DEWAARD J.R. 2003.
Biological identifications through DNA barcodes. Proceedings of
the Royal Society of London Series B: Biological Sciences 270:
313-321.

HOLLENBERG G.J. & ABBOTT L.A. 1966. Supplement to Smith’s
marine algae of the Monterey Peninsula. Stanford University
Press, Stanford, California. 130 pp., 53 figs.

Hormes E.M. 1894. New marine algae. Annals of Botany 8:
335-342.

Hoorer R.G. & SoutH G.R. 1974. A taxonomic reappraisal of
Callophyllis and Euthora (Rhodophyta). British Phycological
Journal 9: 423-428.

Howe M.A. 1914. The marine algae of Peru. Memoirs of the Torrey
Botanical Club 15: 1-185, 44 figs, 66 pls.

HUELSENBECK J.P. & RonqQuisT F. 2001. MrBayes: Bayesian
inference of phylogenetic trees. Bioinformatics 17: 754-755.

HUGHEY J.R., SiLvA P.C. & HOMMERSAND M.H. 2001. Solving
taxonomic and nomenclatural problems in Pacific Gigartinaceae
(Rhodophyta) using DNA from type material. Journal of
Phycology 37: 1091-1109.

JoHN D.M., PRUD'HOMME VAN REINE W.F., LAwsoN G.W.,
KosTERMANS T.B. & PrICE J.H. 2004. A taxonomic and
geographical catalogue of the seaweeds of the western coast of Africa
and adjacent islands. Beihefte zur Nova Hedwigia 127: 1-339.

KurziNng F.T. 1849. Species algarum. F.A. Brockhaus, Leipzig.
922 pp.

KutzING F.T. 1866. Tabulae phycologicae; oder, Abbildungen der
Tange. Gedruckt auf kosten des Verfassers, Nordhausen. 35 pp.,
100 pls.

KyLiN H. 1925. The marine red algae in the vicinity of the
biological station at Friday Harbor, Wash. Lunds Universitets
Arsskrift, Ny Foljid, Andra afdelningen 2 21: 1-87.

KyLiN H. 1941. Californische Rhodophyceen. Lunds Universitets
Arsskrift, Ny Foljd, Andra afdelningen 2 37: 1-51.

KyLIN H. 1956. Die Gattungen der Rhodophyceen. C.W K.
Gleerups, Lund. 673 pp., 458 figs.

LE GALL L. & SAUNDERS G.W. 2007. A nuclear phylogeny of the
Florideophyceae (Rhodophyta) inferred from combined EF2,
small subunit and large subunit ribosomal DNA: establishing the
new red algal subclass Corallinophycidae. Molecular Phyloge-
netics and Evolution 43: 1118-1130.

LE GALL L. & SAUNDERS G. 2010. DNA barcoding is a powerful
tool to uncover algal diversity: a case study of the Phyllophor-
aceae (Gigartinales, Rhodophyta) in the Canadian flora. Journal
of Phycology 46: 374-389.

LE GALL L., PAYRI C.E., BITTNER L. & SAUNDERS G.W. 2010.
Multigene phylogenetic analyses support recognition of the
Sporolithales ord. nov. Molecular Phylogenetics and Evolution
54: 302-305.

Arctic. National Museum of Canada Publications in Botany 9.
1-82.

LEE Y. 2008. Marine algae of Jeju. Academy Publication, Seoul.
177 pp.

LEE Y. & KANG S. 2001. 4 catalogue of the seaweeds in Koreq.
Cheju National University Press, Jeju. 662 pp.

LinpsTROM S.C. 1977. An annotated bibliography of the benthic
marine algae of Alaska. Alaska Department of Fish and Game
Technical Data Report 31: 1-172.

MADDISON W. & MADDISON D. 2003. MacClade 4.06. Sinauer
Associates, Sunderland, Massachusetts.

MONTAGNE C. 1852-1854. [Flora Chiliana. Plantas cellulares] In:
Historia fisica y politica de Chile, vol. 8, & C. Gay 1852
1854pp. 1-256 (1852), pp. 257-448 (1854), Paris and Santiago.

Norris R.E. 1957. Morphological studies on the Kallymeniaceae,
University of California Publications in Botany 28: 251-334, 25
figs.

Norris R.E. 1964. The morphology and taxonomy of South
America Kallymeniaceae. Boranica Marina 7 90-129, 50 figs., 1
table, 10 pls.

OxkAMURA K. 1899. Algae japonicae exsiccatae. Tokyo. 50 pp.

OKAMURA K. 1900. Illustrations of the marine algae of Japan.
Tokyo. 14 pp., 5 pls.

OKAMURA K. 1942. [cones of Japanese algae, vol. 7. Tokyo. 116 pp.

PERESTENKO L.P. 1986. Red algae of the far Eastern seas of the
USSR. Novosti Sistematiki Nizshikh Rastenii Leningrad 20: 35—
45.

PERESTENKO L.P. 1996. Red algae of the far-eastern seas of Russia.
Komarov Botanical Institute, Russian Academy of Sciences, St.
Petersburg. 331 pp., 60 pls.

Posapa D. 2008. jModeltest: phylogenetic model averaging.
Molecular Biology and Evolution 25: 1253—1256.

RaMiREZ M.E. & SANTELICES B. 199]. Catalogo de las algas
marinas benténicas de la costa temperada del Pacifico de
Sudamérica. Monografias Biologicas 5: 1-437.

RATNASINGHAM S. & HEBERT P.D.N. 2007. BOLD: The Barcode
of Life Data System (www.barcodinglife.org). Molecular Ecology
Notes 7: 355-364.

Ricker R.W. 1987. Taxonomy and Biogeography of Macquarie
Island Seaweeds. British Museum (Natural History), London.
344 pp.

RoBBA L., RUSSELL S., BARKER G. & BRODIE J. 2006. Assessing the
use of the mitochondrial COX1 marker for use in DNA
barcoding of red algae (Rhodophyta). American Journal of
Botany 93: 1101-1108.

Ross P.I., DONALDSON S.L. & SAUNDERS G.W. 2003. A molecular
investigation of Mazzaella (Gigartinales, Rhodophyta) morpho-
logically intermediate between Mazzaella linearis and M.
splendens. Botanica Marina 46: 202-213.

RuLL LrucH J. 2002. Marine benthic algae of Namibia. Scientia
Marina 66, supplement: 5-256.

SAUNDERS G.W. 1993. Gel purification of red algal genomic DNA:
an inexpensive and rapid method for the isolation of poly-
merase chain reaction-friendly DNA. Journal of Phycology 29:
251-254.

SAUNDERS G.W. 2005. Applying DNA barcoding to red macro-
algae: a preliminary appraisal holds promise for future applica-
tions. Philosophical Transactions of the Royal Society B:
Biological Sciences 360: 1879—1888.

SAUNDERS G.W. 2008. A DNA barcode examination of the red
algal family Dumontiaceae in Canadian waters reveals substan-
tial cryptic species diversity. 1. The foliose Dilsea-Neodilsea
complex and Weeksia. Botany 86: 773-789.

SAUNDERS G.W. 2009. Routine DNA barcoding of Canadian
Gracilariales (Rhodophyta) reveals the invasive species Graci-
laria vermiculophylla in British Columbia. Molecular Ecology
Resources 9: 140—150.

SAUNDERS G.W. & McDEeviT D.C. Acquiring DNA sequence data
from dried archival (type) red algal (Florideophyceae) collec-
tions for the purpose of applying specific epithets to con-
temporary molecular species: a critical assessment. Botany. In
press.

LEE R.S.K. 1980. A catalogue of the marine algae of the Canadiap

whERS G.W. & McDonALD B. 2010. DNA barcoding reveals
e \i)jL]e ox.lerlooked Australian species of the r_ed algal order
1[]gltxloldl;meniales (Florideophyceae), with resurrection of Halopel-

1 ~Agardh and description of Pseudohalopeltis gen. nov.
tis J. Ag
Botany 88: 639-667.

ELSON P.W., GarBarY D.J., GOLDEN L.,

o i.]l\j/f\A?AIli};;DSTROM S.C., OLIVEIRA J.C. & WIDDOWSON

e K112389 .A 's’ynposis of the benthic marine algae of British

Iﬁilmbia,’ southeast Alaska, Was_hin.gt.on and Oljego.n. Pég’co-
vical Contributions, University of British Columbia 3: 1*5. -
—/”J; lrz F. & HaupTFLEISCH P. 1896. Rhodophyceae. In: Die

S(;l~[/\ilf'i/'/1:('/zcl;7 Pflanzenfamilien (Ed. by A. Engler & K. Prantl), pp.
083 il elmann, Leipzig.

.3%48;; \gl\lgéingnNgE C.E. 2008.pNgtes on the marine algae of

S("J\‘]‘[;lzl'lnud.'d& 9. The genus Botryocladia (Rhodophyta, Rhody:
:;1];11ielceae), including B.bermudana, B.exquisita and B. flookii
spp. nov. Phycologia 47: 614-629. _ _ 1
N 1 pER C.W. & WYNNE MLJ. 2007. A synoptic review ’of‘m.e

" {f'l‘s%iﬁcation of red algal genera a half century after Kylin’s ‘Die
:'i(u‘t\tungen der Rhodophyceen’. Bolam‘a( M(ll'fl?[l 50: 197—249..

Si \(}R]EFUS.C. 1988. Marine algae. In: A field guide to t{w Eastern
Cape coast (Ed. by R.A. Lubke, F.W. Gess & M.N. Bruton), pp.
1572, Wildlife Society of Southern Africa, Grah.amstown. 1

Sl>Lrl\'.\T\l()VA O.N. & ZHigapLova G.G. 1997. Marine e}lgae 0? tlue

i Commander Islands. Preliminary reme}rks on the revision of the
flora. I1I. Rhodophyta. Botanica Marina 40: 15~'24.. L

SuerwooD A.R. & PRESTING G.G. 2007. U111ve1'sa1 pume1§
amplify a 23S rDNA plastid marker in eukaryotic algae an
cyvanobacteria. Journal of Phycology 43: 605-608.

SpERWOOD AR, Vis M., ENTWISLE T.,‘NECCHI O JrR. & PRESTIN‘G
G.G. 2008. Contrasting intra versus interspecies DNA sequence
variation for representatives of the Batrachospermales (Rho<'i'o—
phyta): insights from a DNA barcoding approach. Phycological
Researc 1 269-279. )

Sn‘ \(zllz)”éh ?\?IENEZ E.G. & MoE R.L. 1987. Cgtalog of the benthlc

" marine algae of the Philippines. Smithsonian Contributions to
Viarine Sciences 27: 1-179, 2 figs, 1 table.

Clarkston & Saunders: Molecular and morphological examination of Pugetia 61

SiLva P.C., Basson P.W. & Mote R.L. 1996. Catalogue Qf thel
benthic marine algae of the Indian Ocean. University of
California Publications in Botany 79: 1-1259. .

STEGENGA H., BoLToN J.J. & ANDERSON R.J. 1997._5@(1\'1'6611.5' of the
South Afiican west coast. Bolus Herbarium, University of Cape
Town, Cape Town. 655 pp. ' ‘ _ ,

STEPHENSON T.A. 1947. The constitution of the intertidal fauna
and flora of South Africa. Part IIL. Annals of the Natal Museum
11: 207-324, 11 figs., pls 15, 16. , .

STEWART J.G. 1991. Marine algae and seagrasses of Sf/n Diego County.
California Sea Grant College, La Jolla, Cz}hforma. ‘197 pp-

SworrOorRD D.L. 2002. PAUP: Phylogenetic analysis using par-
ismony, ver. 4.08a. Computer program distributed by the Illinois
Natural History Survey, Champaign.

Ta1 V., LINDSTROM S.C. & SAUNDERS G.W. 2001. Phylogeny of the
Dumontiaceae (Gigartinales, Rhodophyta) and asso_cmted fam-
ilies based on SSU rDNA and internal transcribed spacer
sequence data. Journal of Phycology 37: 184-196.

TAYLOR W.R. 1945. Pacific marine algae of the Allan Hzlncqg}(
Expeditions to the Galapagos Islands. Allan Hancock Pacific
Expeditions 12: 1-528, 3 figs, 100 pls. ) _

TokIDA J. 1948. Notes on some new or little known marine algae
(2). Journal of Japanese Botany 22: 37-40. _

Yamapa T.K., Mivan K. & Nozaki H. 2008. A taxonomic study
of Eudorina unicocca (Volvocaceae, Chlorophyceae) and related
species, based on morphology and molecular phylogeny.
European Journal of Phycology 43: 317-326. .

YosHipAa T. 1998. Marine algae of Japan. Uchida Rokakuho
Publishing, Tokyo. 1222 pp. ) )

Y OSHIDA T.T NAKAJIMA Y. & NAKATA Y. 1990. Check-list of marine
algae of Japan. Japanese Journal of Phycology 38: 269-320.

Received 4 January 2011; accepted 18 May 2011
Associate editor: John Huisman




